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Sabtech Industries' PowerNet 
allows for easy migration from 
legacy systems into an Open 
Architecture (OA) environment. 
PowerNet provides the 
necessary interaction and 
data communication pathway 
between legacy systems and 
future combat systems. 
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PowerNet supports a variety of applications: 


e Connect networked workstations to legacy NTDS e Collect and transmit data using the built-in NTDS 
equipment passive tap capability on the PowerNet server 
e Run Aegis Tactical Executive Systems (ATES) e Eliminate long, bulky, costly NTDS cable runs 


message protocol e And many more... 





SBS knows 3U CompactPCl®. 
Our rugged new Intel® or PowerPC® computers will fit your compact needs. 


SBS HAS PACKED STARTLING CAPABILITIES onto an Both of these boards also have impressive I/O features, 


extremely small amount of real estate with the CV1 with Gigabit Ethernet, RS-232 and numerous 


PowerPC-based and CR4 Intel® Pentium® M-based 







general purpose I/O lines. Best of all, both of 


single board computers. It’s the kind of processing iy these mighty mites are built to legendary SBS 


power that only a few years ago required a board standards of ruggedness, which means they can 


twice this size. stand up to the extremes of heat, shock and vibration 


so common in defense and industrial applications. 


Consider these capabilities: conduction or convection 


cooling, high-speed processor chips, system or It would be easy to dismiss as mere playthings computers 

peripheral mode capabilities, significant amounts of as small as these 3U boards. But when you evaluate their 
cv1 

DDR SDRAM, -40° to +85°C temperature ranges, 33/66 3U CompactPCl PowerPC Single toughness, their efficiency and their sheer computing 


Board Computer 


MHz PCI bus and the latest system controller chips. capabilities, you'll see that they're anything but toys. 


SBS knows. 


Find the CompactPCI board you’re looking for at defense.sbs.com or call 800.SBS.EMDEDDED 
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58 Multi-CPU System-on-Chip Advances Solve Obsolescence Woes space possible. shown here, maintenance 
Steve Manuel and Gail A. Walters, CPU Technology workers perform last minute preflight checks on 
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provides a defense wide vision for UAVs and 


Technolo Focus related technology. 
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Ann R. Thryft 
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COTS (kots), n. 1. Commercial off-the-shelf. Terminology popularized in 1994 within U.S. DoD 
by SECDEF Wm. Perry’s “Perry Memo” that changed military industry purchasing and design 
guidelines, making Mil-Specs acceptable only by waiver. COTS is generally defined for technol- 
ogy, goods and services as: a) using commercial business practices and specifications, b) not de- 
veloped under government funding, c) offered for sale to the general market, d) still must meet the 
program ORD. 2. Commercial business practices include the accepted practice of customer-paid 
minor modification to standard COTS products to meet the customer’s unique requirements. 


(U.S. Air Force photo by Staff Sgt. Jeremy T. Lock) 


——aAnt. When applied to the procurement of electronics for the U.S. Military, COTS is a procure- 
ment philosophy and does not imply commercial, office environment or any other durability grade. 
E.g., rad-hard components designed and offered for sale to the general market are COTS if they were 
developed by the company and not under government funding. 
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strophic and horrific event. Naturally our thoughts and 

wishes for the quickest possible recovery go out to the 
people affected. Anytime a catastrophe strikes, whether it’s a 
tornado destroying a small town or an entire city being lost, the 
tragedy is one of individuals and their families. 

Yes, it’s true that the magnitude of the accumulated dam- 
age created by Katrina and Rita forced people to seek emergency 
relocation further away from home than ever before. And the 
magnitude of the destruction of infrastructure is nothing like 
our country has experienced before. But what we cannot forget 
is that any catastrophe is a collection of individual tragedies and 
suffering, and their loss and hurt are the same whether it’s just a 
handful of families or the families from a vast geographic area. 
I only mention that because I came to the realization that I was 
intently focused on the news regarding the events in the gulf for 
weeks. Yet if a tornado devastates a town in the Midwest, after 
two days it’s completely out of my mind—even though the lives 
lost, and the homes and schools destroyed are just as painful for 
those individuals as for the ones from the Gulf. 

The two hurricanes have shown us a lot and we now need to 
see if we have the political will to accept the lessons and actually 
act to do things to better prepare for the next catastrophe. I’m 
not an expert so I don’t plan to point fingers—and I probably 
don’t have enough fingers to cover all the things that need to be 
pointed at anyway. One of the first things that needs to be done 
is to establish which government entity is responsible for doing 
what. The hundreds of school busses underwater rather than 
at the designated evacuation centers to me was just unforgiv- 
able. So was not having a quick ability to coordinate turning 
major highways into one-way streets when trying to evacuate a 
million people. 

During an emergency, when does the local government ab- 
dicate its power to the state? When does the state abdicate its 
power and responsibility to the federal government? It’s evident 
from watching the news that the focus of everything centered on 
the word “help,” when it was provided and at what level. I think 
help is the wrong word. If I help someone, I’m not responsible. 
They are. I help them do what they want. Instead, the key word 
needs to change to “control.” 

Surely there are some local and state authorities that are 
more prepared for a major emergency than others. That can no 


T=: most recent devastation in the Gulf area was a cata- 


What Comes After the Military? 


longer continue. How would a federal organization dovetail into 
50 different levels of preparedness and ability? To mandate uni- 
formity will require political will, not politics as usual. Whether 
it’s the state or the federal government, you can’t ask them to be 
“a little bit pregnant.” You are either in control and in charge or 
you are not. If the best way to handle that is to declare martial 
law—a political hot potato—then that is what needs to be done, 
and the National Guard or the U.S. Military needs to know up 
front that is what will happen. 

What will all this do to our marketplace, the military bud- 
get and so on? How will this affect the individuals in our indus- 
try? Well, this will throw one more political card into the DoD 
budget approval game and we will probably have to endure at 
least one emergency extension of the 2005 budget, maybe more. 
It also diverts the attention of military personnel from their 
normal duties, making it more difficult to obtain signatures. It 
seems like every four months I have to say that we should expect 
a slow down in approvals for a couple months then expect every- 
one to want everything they delayed in the next couple months. 
With the emergency budget in place, new R&D programs can- 
not be started, and maintaining 2005 levels will cause over-cau- 
tiousness on spending for non-critical items in order to ensure 
that they don’t run out of money. In the long run, however, there 
should be little effect to our industry. 

The trend toward passing control along to someone else has 
been going on my entire lifetime and will continue. Now it in- 
cludes the military. When I was young and I screwed up, a neigh- 
bor would boot me in the butt and tell my father who would 
make sitting difficult for me. Today if you boot your own kid in 
the butt, a neighbor has you arrested for child abuse. We keep 
moving away from taking personal responsibility to abdicating 
it to the government and making everything its responsibility. 
The trend is now progressing to have the military responsible 
for our domestic problems. That raises the ultimate question: 
Whom do we pass responsibility off to after the military? 


be 


Pete Yeatman, Publisher 
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Storage Systems that plug and play in any application — from 
multi-terabyte RAID and Storage Area Network configurations to 
plug-in VME/cPCI Storage Modules. Our worldwide reputation for 
excellence is earned by manufacturing highest quality data storage 
products supported by unparalleled customer 
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the most extreme — 
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solid-state flash drives and 
network storage solutions. 
BiTMICRO’s cutting-edge 
storage technologies offer utmost _ 
reliability, optimum data security and ,/ 
unmatched performance. 
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Real teamwork means not 
getting in each other’s way. 





So why aren't you working with Radstone? 


Any group of individuals can claim to be a team. But a real team is 
motivated by a shared vision, a united purpose. A real team doesn’t 
compete within itself: all of its members do what they do best at the right 
time and in the right place, their complementary skills harnessed in 
support of a common goal. 


At Radstone, we don’t just talk the talk. Real teamwork is our way of life 
— and for us, our customers are part of the team. When we win, our @ 

customers win. It’s a game plan based on trust. EM B E D D E D COM PUTI N G 
When it comes to mission-critical embedded computing solutions, Radstone. One team. One aim. One winning result. 
Radstone teamwork delivers with maximum performance and minimum 


risk. That’s why we’re the team-mates of choice for some of the 
industry’s biggest names. 





Shouldn't you be working with Radstone? 


FOR MORE INFORMATION VISIT OR CALL TOLL FREE 


www.radstone.com 800 368-2738 





TEAC Aerospace Outfits Airborne Mission 
Data Recorders for Apache Helicopter 


TEAC Aerospace Technolo- 
gies, a provider of rugged air- 
borne video and mission data 
recorders, has completed ship- 
ment of Mission Data Recorders 
for installation in the U.S. Army’s 
Apache helicopters (Figure 1). 
Developed by McDonnell Douglas 
(now Boeing), the U.S. Army has 
more than 800 of the twin-engine 
attack helicopters, and more than 
1,000 have been exported. Under 
the contract, TEAC Aerospace will 
deliver additional production units 
through 2006. 

For the Apache, the solid-state 
digital MDR-80 is configured to 
record critical video source, with 
over 180 minutes of high-resolu- 
tion digital recording capacity on 
solid-state Removable Memory 
Modules. The recorded video will 
be used for post-mission debrief 
and analysis. The new Arrowhead 
FLIR developed by the Army for 
the A Model Apache provides a 
Significantly higher image resolu- 
tion for the Apache pilot and mis- 
sion analysts. When combined 
with the TEAC MDR-80C Mission 
Digital Data Recorder (MDDS), 
in-flight playback and in-cockpit 
image analysis will benefit from a 
video quality significantly superior 
in resolution and lack of scanning 
FLIR artifacts never before seen 
in the Apache cockpit. The new 
MDR is deployed on all models 
of Apache from A Models through 
the latest Lot 9 D Models with the 
new Arrowhead FLIR_ installed. 
After action review and target im- 
age analysis are also improved as 
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Figure l 


For the Apache Helicopter, the 
solid-state digital MDR-80 is 
configured to record over 180 
minutes of high-resolution 
digital video recording capacity 
on solid-state memory modules. 
shown here, the pilot of an AH- 
64D Apache Longbow helicopter 
from the 3d Armored Cavalry 
Regiment in lrag, prepares for a 
mission. (U.S. Army photo). 


a result of the high-resolution, 
clear digital recorded video from 
the MDR-80C. 

Playback of the high-reso- 
lution video is used for target 
acquisition and battlefield as- 
sessment by the tank crew, 
battle commanders and training 
officers. TEAC’s mission data 
recorders come with removable, 
expandable memory modules 
that can handle Gbytes of digital 
video plus HUMS, MFOQA and 
1553 data. The units can also be 
used for mission data loading and 
can provide Ethernet connectiv- 
ity for comprehensive battlefield 
management. 


TEAC Aerospace Technologies 
Montebello, CA. 

(323) 727 4754. 
[www.teac-aerospace.com]. 
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- Boeing Selects Aonix 

- Real-Time Java VM and 
_ Tools for Use on J-UCAS 
_ Program 


Boeing has selected the Ao- 


_ nix PERC real-time embedded 
2 Java Virtual Machine (VM) for 
2 the Joint Unmanned Combat Air | 
_ Systems’ (J-UCAS) X-45C pro- 

_ gram (Figure 2). The network- 

_ ing, security and portability of 

_ the Java language make it a natu- 
_ ral fit for large-scale networked 

_ applications such as J-UCAS. 


The J-UCAS program isa 





Figure @e2 


The X-45C unmanned combat 
air vehicle, a concept aircraft 
based on the current X-45A, Is 
designed to meet both the Air 
Force's evolving need for greater 
range and loiter capability and the 
Navy's requirements for potential 
carrier suitability and other 
Navy-unique needs. The first 
flight of the X-45C air vehicle is 
scheduled for early 2006. (Image 
courtesy of DARPA). 





_ impact of platform constraints. 

_ High-performance unmanned 

_ air vehicles complete with intel- 

_ ligent weapon systems are being 

_ designed to suppress enemy air 

_ defenses, provide surveillance, 
and execute precision air strikes 
_ within the emerging global com- 


mand and control architecture. 


_ PERC is a “clean-room” virtual 

_ machine expressly created for 

_ demanding embedded and 

_ real-time systems requiring J2SE 
i support. 


Aonix North America 
_ San Diego, CA. 


_ joint Defense Advanced Research | 
_ Projects Agency (DARPA), U.S. 
_ Air Force and Navy effort to 

_ demonstrate the technical feasi- 
_ bility, usefulness and operational — 
_ value of networked unmanned 

_ combat vehicles. J-UCAS will 

2 employ a Common Operating 

2 System integrating the system 

- components, which will provide 
_ the necessary software and 

_ services that enable system func- 
_ tionality, while minimizing the 


— (858) 457-2700. 
_ [www.aonix.com]. 


_ General Dynamics and 
_ Lockheed Martin Demo 
WIN-T Capabilities 


General Dynamics and 


_ Lockheed Martin teamed up to 

_ demonstrate key technologies in 
_ the system design for Warfighter 
_ Information Network-Tacti- 

cal (WIN-T) to the U.S. Army. 

_ WIN-T is a transformational 

_ program to modernize the tacti- 
_ cal communications used by 

_ warfighters on the ground, hav- 
ing a potential estimated value 

_ of $10 billion through 2018. 
Completion of the demonstra- 

_ tions marks a key milestone in 
the WIN-T program, confirming 
_ that technologies and subsys- 
tems in the next-generation 
warfighter network are mature 

_ and significantly reduce risk for 
_ the customer. The next phase 

_ of review for the WIN-T system 

_ will be the full development 
test/operational test (DT/OT) 

_ scheduled for next month. 


Technical capabilities dem- 


i onstrated in the tests included: 

_ “on-the-move” networking 

over terrestrial and satellite 
links, voice- and video-over-IP, 

_ networking waveforms, soft- 

_ ware-defined radios, self-healing 
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networks, satellite tracking and 
adaptive signal retrieval, net- 
work operations with real-time 
situational awareness, network 
security and secure cellular com- 
munications. 


General Dynamics C4 Systems 
scottsdale, AZ. 

(480) 441-3033. 
[www.generaldynamics.com]. 


Orbital Sciences Uses 
MicroPower’s Battery 
Packs for DARPA Satellite 
Duty... 


Orbital Sciences, a manu- 
facturer of satellites and launch 
vehicles including geostation- 
ary and low-orbit spacecraft, 
announced last month that it 
successfully launched a satellite 
for the Defense Advanced Re- 
search Projects Agency (DARPA) 
aboard a company-built Mino- 
taur I rocket. The launch was 
powered by ten of Micro Power’s 
custom battery packs. Orbital 
Sciences recently granted Micro 
Power its Component Supplier 
Award as part of the company’s 
launch vehicle systems Supplier 
Achievement Awards program. 

The STP-R1 Streak satellite 
onboard was inserted into its 
targeted orbit of approximately 
300 kilometers above the Earth. 
Built by General Dynamics C4 
Systems/Spectrum Astro Space 
Systems in Gilbert, AZ, the 
Streak is reportedly a technology 
demonstrator whose objective is 
to demonstrate rapid response, 
short mission life and low Earth 
orbit space technologies and to 


gather information about the low 


Earth orbit environment. 

The mission was the fourth 
flight of the Minotaur I (Figure 
3) space launch vehicle, all of 
which have been successful. The 
Minotaur I space launch vehicle 
used in the launch is the initial 
member of Orbital’s Minotaur 
family of launch vehicles, which 
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Figure 3 


With electronics powered by 
Micro Power custom battery 
packs, the Minotaur | rocket lifts 
off from Vandenberg Air Force 
Base, Vandenberg, CA carrying 
the DARPA STP-R1 Streak 
Satellite. 


_ include both space launch 

_ vehicles as well as long-range 

_ missile defense targets and other 
_ suborbital vehicles. The rockets 

_ are derived from U.S. Govern- 

| ment-supplied Minuteman and 

_ Peacekeeper rocket motors. The 

_ space launch configurations 

_ combine commercial rocket mo- 
_ tors, avionics and other elements 
_ with the government-supplied 
stages to create responsive, reli- 

_ able and low-cost launch systems 
for U.S. Government payloads. 


Micro Power Electronics 

- Hillsboro, OR. 

- (503) 693-7600. 
[www.micro-power.com]. 


_... And Saft’s Li-ion 
_ Batteries for GEO Comms 
_ Satellites 


Saft announced today 


: that Orbital Sciences ordered 
lithium-ion (Li-ion) batteries 
_ for two geosynchronous (GEO) 


_ communications satellites, 
which will incorporate Saft’s 

_ qualified high-energy space 

_ Li-ion cells and batteries. Both 
_ flightsets of satellite batteries 

_ will be delivered in 2006. The 

_ rechargeable Li-ion batteries 
will deliver the satellite power 
_ during two eclipse seasons 

_ per year when the spacecraft 

_ is blocked from the sun. Saft’s 
_ Li-ion batteries allow the 

_ spacecraft manufacturer and 

_ user to decrease the satellite’s 

_ weight significantly versus the 
_ previously used nickel-hydrogen 
' _ battery chemistry. 


The first spacecraft battery 


_ order is for the PAS-11 satel- 

_ lite that Orbital is building for 
PanAmSat Corporation. PAS-11 
_ will generate approximately 4.5 
kilowatts of electrical power 
and will weigh approximately 

_ 2,500 kilograms at launch. The 
satellite will provide video, fixed 
_ telecommunications and direct- 
_ to-home television broadcast 
services from a mid-Atlantic 

_ orbital location. 


The second spacecraft bat- 


i teries are for the Horizons-2 

_ satellite that Orbital is building 

_ for a 50/50 joint venture between 
PanAmSat Corporation and 

_ JSAT Corporation. The Hori- 

_ zons-2 satellite, which will de- 

_ liver approximately 3.5 kilowatts 
_ of payload power and will weigh 
_ approximately 2,300 kilograms 
at launch, will provide video and 
telecommunications services 

_ over the United States. 


7 Saft 

: Bagnolet, France. 

+33 (0)1 49 93 19 18. 

7 [www.saftbatteries.com]. 


| CPU Technology Awarded 
_ Contract for F/A-18 Mis- 
_ sion Computer Upgrade 


CPU Technology announced 


that it was awarded a contract to 
_ develop a modernized architec- 
- ture for the AN/AYK-14 Mission 


_ Computer. The AN/AYK-14 is 

_ designated as a Navy Standard 

_ Airborne Computer used for 
mission computing, navigation, 

_ targeting and onboard data 

_ processing across many airborne 
platforms. 


CPU Tech’s modernized 


i architecture will accommo- 

_ date the legacy functions of the 
_ existing system while provid- 

_ ing additional performance 

_ and headroom capacity. Such 
enhancements are incorporated 
_ to support future capability 

_ requirements for platforms that 
use the AN/AYK-14. In pro- 

_ duction since 1976, nearly ten 

_ thousand AN/AYK-14 Mission 

_ Computers have been deployed 
_ across many airborne platforms 
_ including the AV-8B, E-2C, 

_ EA-6B, EP-3E, F-14D and F/A-18 
_ aircraft, the SH-60B Helicopter 
_ and the AN/SPN-46 Auto- 

_ matic Carrier Landing System. 

_ The scope of the development 

_ contract includes delivery of a 
fully functional prototype of the 
_ updated AN/AYK-14, incorpo- 

_ rating all existing functionality 
_ with additional performance 

_ capacity for added features and 
_ capability. 


7 CPU Technology 
: Pleasanton, CA. 
- (925) 224-9920. 
7 [www.cputech.com]. 
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AFRL Library Site Is Portal to a Wealth of Tech Info 


As the world of information research has gone 
to digital, the old image of a library has become 
much more than just rooms full of dusty book- 
Shelves and forbidding rows file cabinets. Today, 
the electronic component of many libraries is 
eclipsing their hard copy portions. Exemplifying 
that trend, the Air Force Research Lab's Technical 
Library at Wright-Patterson AFB offers a Web site 
that’s evolved into a portal to a vast treasure chest 
of information. 

The site offers an E-Journal index that links 
to over 15,000 of the world’s scientific and engi- 
neering journals. These are full-text sources back 
to 1988, and some even further. The AFRL Librar- 
les pool their resources to make available A/AA, 
American Chemical Society, American Inst. of Phys- 
ics, Annual Reviews, ASME, Elsevier, IEEE, Inst. of 
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Physics, Optical Soc. of America, and SPIE publications. The 
Site links to Gale InfoTrac, Jane’s, Royal Soc. of Chemistry and 
other selected titles. 

The Web site’s Central Search resource lets you glide 


switched 


Inside Track 


www.wrs.afrl.af.mil/librar 


across over twenty of our most popular databases, 
Or you can search Aerospace, DTIC, IEEE Xplore, 
science Direct and other professional databases 
individually (more below). Many link you directly to 
the full-text electronic version of the article. You can 
also email the trained experts at the library who can 
access decade's worth of quality information from 
professional databases that are not on the Internet 
and e-mail you the resulting search. One million 
technical reports, conferences, books and journals 
selected for the Wright-Patt R&D community re- 
Side at the combined AFIT/AFRL Library. Coverage 
includes all major resources in aerospace, engi- 
neering, physics, chemistry, materials, electronics, 
aerospace medicine and more. 

AFRL Technical Library, Wright-Patterson AFB, OH. 
(937) 255-5511. [www.wrs.afrl.af.mil/library]. 
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InfiniBand 


¢ ATC5232 : AdvancedTCA 3.2 Compute Blade (3.2 Option 1) 
¢ ATS2148 : AdvancedTCA 3.2 Switch Blade (3.2 Option 1) 


Either Fabric comes packaged in a Targa-14 or Targa-5 Platform. 


Call 1.800.443.2667 or visit our website at www.atcatogo.com 
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Toward FPGAs and Fabrics 


supercomputing technology—in both embedded systems and installation-based systems—tranks as 
a vital segment in today’s military. FPGA reconfigurable processing and switched fabric interconnects 
provide the building blocks for future system developments. 


Jeff Child 


s the average embedded and desktop 
Perrone have grown more power- 
ful, the importance of supercomput- 
ing has narrowed to niche status among 
commercial and scientific users. But for 
ultra-demanding military parallel pro- 
cessing applications like signal intelligence 
(SIGINT) and complex simulation jobs— 
supercomputing remains a vital technol- 
ogy for the military. 
Helping to keep the supercomput- 
ing efforts on track, the DoD even has a 
decade-old program in place called 
the High Performance Comput- 
ing Modernization Program (HP- 
CMP). The HPCMP provides the 
supercomputer services, high-speed 
network communications and com- 
putational science expertise that 
enables the Defense laboratories 
and test centers to conduct a wide 
range of focused research, develop- 
ment and test activities. 


More Processing Onboard 
UAVs 

Beyond traditional installation- 
based supercomputing, an emerging 
segment of supercomputing—and 
one with more direct impact in the 
open standard embedded board 
arena—is the demand for scalable su- 
percomputing-like parallel process- 
ing for embedded systems. Among 
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the most critical examples along those 
lines, are Unmanned Air Vehicle (UAV) 
designs where minimizing size, weight and 
power is a priority (Figure 1). 

Downloading secure, high-speed 
transport of encrypted surveillance data, 
real-time control and harvest of data from 
networked military and intelligence as- 
sets such as the Global Hawk and Predator 
UAVs requires a lot of overhead. If process- 
ing of data and decision making can be 
performed onboard the UAV itself rather 
than performed via a communication link 
with the ground, the more efficiently the 
craft can be used. 


For their part, engineers at SRC Com- 
puters and the Air Force Research Lab devel- 
oped a two-dimensional Synthetic Aperture 
Radar (2-D SAR) Backprojection algorithm 
targeted to run on reconfigurable FPGA- 
based hardware. The algorithm was then 
benchmarked on the Compact MAP pro- 
cessor in order to demonstrate processor 
performance in a small form-factor suitable 
for man-portable or small UAV applications. 
The “Reconfigurable Processing Design Suits 
UAV Radar Apps” from SRC Computers 
on p.18 of this section details those efforts. 
Meanwhile, the article “FPGA Supercom- 
puting Gets Practical for Defense Apps” from 
Nallatech on p.24 of this section 
looks at the hurdles that have been 
limiting factors in the migration of 
military computing applications 
to FPGAs. The story describes 
how a new generation of develop- 
ment tools is allowing FPGA su- 
percomputing applications to be 
developed in familiar high-level 
languages such as MATLAB and 
C. In addition, tools have been de- 
veloped that automate the design 
of data flows between processing 


Figure ] 


The Global Hawk is a high-altitude, long-endurance 
Unmanned Aerial Vehicle (UAV) designedforreconnaissance 
duties. By migrating to supercomputer-like processing 
Onboard, military planners hope to reduce dependence 
of UAVs on communications links, making it possible for 
applications to take action in real time without the delay of 
transferring data back to the ground. 





cells in single and multiple FPGA 
implementations. 

Although designed for the 
telecom market, the emerging 
AdvancedTCA form-factor and 
system architecture could become 
a valid option for massive paral- 
lel clustering solutions for serving 
military applications. 
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Leading-Edge Defense 
Supercomputing Installations 
Meanwhile, in the realm of instal- 
lation-based supercomputing, the U.S 
Military is likewise focused on staying on 
the leading edge. Over the past year, the 
U.S. Air Force, U.S. Navy and U.S. Army 
have made significant supercomputer ac- 
quisitions. In April, the Aeronautical Sys- 
tems Center at Wright-Patterson Air Force 


Base installed a 2,048-processor super- 
computer designed to aid weapon systems 
design of innovative materials, advance 
design concepts, improve and _ speed 
modification programs and increase high 
fidelity simulations and tests. The super- 
computer expands the capability to more 
than 4,100 processors spread across five 
separate shared memory systems. The 
systems massive shared-memory allows 
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the DoD to simulate entire aircraft, entire 
weapon systems and entire battlefield en- 
gagements with fidelity not possible before. 

To aid the Navy, the DoD tasked IBM 
to build a supercomputer to produce short- 
term weather forecasts for Navy fleets at 
sea. The system allows military scientists to 
model atmosphere and ocean dynamics for 
the entire surface of the Earth. The com- 
puter also will be able to analyze aircraft 
material at a molecular level to produce 
wings less likely to crack, and to examine 
the flow of water around submarine hulls 
to improve their design. The machine will 
be able to complete 20 trillion operations 
per second, about three times the capacity 
of systems at the Naval Oceanographic Of- 
fice at Stennis Space Center in Mississippi, 
where it’s housed. The military’s super- 
computer is made up of 368 of IBM’s high- 
end enterprise servers. 

Last year the Army commissioned a 
new supercomputer to simulate complex 
weapons systems. Once built, it will rank as 
one of the top 20 most powerful comput- 
ers on the planet. The computer, named 
Stryker, will be capable of a peak perfor- 
mance of 10 Tflops. It’s also expected to be 
the most powerful computer in the world 
to use the Linux operating system. The ma- 
chine will be built at the Army Research 
Laboratory Major Shared Resource Center 
(ARL MSRC) in Maryland. It will contain 
2304 AMD Opteron 2.2 GHz processors in 
1186 separate systems, connected together 
using high-speed networking equipment. 
The new supercomputer could help predict 
the physical properties of new materials. 
For example, reducing the weight of a tank 
could be achieved by using composite ma- 
terials. But this would not be acceptable if 
it made the tank more vulnerable to attack. 

The website www.top500.org main- 
tains a list of the top 500 released supercom- 
puters in the world, and IBM’s BlueGene/L 
currently leads the list at 70.72 Tflops. Many 
interesting technology trends are tracked 
throughout the site, including the various 
interconnect technologies used in super- 
computing. One of these is the increase of 
Gbit Ethernet usage, which may soon be the 
most widely used interconnect in supercom- 
puting. The InfiniBand switched fabric is 
also gaining ground as a popular intercon- 
nect in supercomputing architectures. Hl 
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Reconfigurable Processing Design 
Suits UAV Radar Apps 


UAV-based radar electronics require Supercomputing performance in a compact space. A 
reconfigurable computer architecture offers the compute density to fit the bill. 


Peter Buxa, Applications Technology Manager, 
Air Force Research Laboratory, Sensors Directorate 
David Caliga, Computer Engineer, SRC Computers 


eeping size, weight and power down 
K: a minimum has always ranked 
high for radar electronic subsys- 

tems designed for military aircraft. Now, 
with today’s emphasis on man-portable 
or small Unmanned Air Vehicles (UAVs), 
those requirements are becoming even 
more critical. Designing Synthetic Aper- 
ture Radar (SAR) capabilities into such 
form-factors requires processing architec- 
tures that are reconfigurable and capable 
of real-time processing while still fulfill- 
ing size, weight and power requirements. 
With all that in mind, engineers at the 

Air Force Research Laboratory (AFRL) 
and SRC Computers sought to 
demonstrate the performance 
gain of a two-dimensional Syn- 
thetic Aperture Radar (2-D SAR) 
backprojection algorithm run- 
ning on SRC’s Compact MAP 
processor architecture compared 
to a MATLAB and C implemen- 
tation of the algorithm. Starting 
with a backprojection algorithm, 
originally written in MATLAB, 
the compute-intensive routines 
of the algorithm were converted 
into C Language and compiled 
using SRC’s Carte Programming 
Environment, which _ targets 
the MAP reconfigurable hard- 
ware. The algorithm was then 
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benchmarked on the Compact MAP pro- 
cessor in order to demonstrate processor 
performance in a small form-factor suit- 
able for man-portable or small UAV ap- 
plications (Figure 1). 


Algorithm Tradeoffs 

The Spotlight Synthetic Aperture 
Radar (SAR) Backprojection algorithm 
is considered to be the “gold standard” of 
the SAR imaging techniques. A spotlight 
SAR image is a two- (or three-) dimen- 
sional mapping of received radar energy. 
A SAR sensor illuminates a target area 
with a series of linear frequency modula- 
tion pulses. The location of an individual 
scatterer is determined by measuring 
the range and Doppler (range rate) and 
comparing this to a central reference 


Figure ] 


AAl’s Shadow, shown here, is an example of the class of small 
UAVs designed to carry small payloads. Highly integrated 
SAR electronics enable such craft to perform detailed 
reconnaissance tasks. 





point, called the motion compensa- 
tion point. As more pulses are used, 
the azimuth (or cross-range) resolution 
increases. 

There are several algorithms that 
have been developed to form spotlight 
SAR images. In deciding which algorithm 
to use, there is a tradeoff between compu- 
tational efficiency and imaging accuracy. 
For instance, the simplest algorithm or- 
ders the pulses into a rectangular array 
and performs a two-dimensional Fourier 
transform. However, the resultant image 
will not be very accurate, as the algorithm 
does not compensate for scatterer motion 
through the synthetic aperture. The most 
accurate image formation algorithm is the 
tomographic backprojection. The back- 
projection algorithm calculates an exact 
solution for every pixel in the 
image. However that approach 
has very high computational 
cost. There have been numer- 
ous algorithms developed that 
have acceptable accuracy with 
much less computational time 
than the backprojection al- 
gorithm. The most popular 
of these is the polar format 
algorithm. 

The polar format algo- 
rithm has low computational 
cost, but it has some limita- 
tions that make the backpro- 
jection algorithm more at- 
tractive. For instance, when 
using backprojection the user 
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In developing the Compact MAP form-factor, SRC engineers compressed their standard MAP processor volume to just 6 cubic inches. The 
unit contains approximately 60 million gates of user logic and has been tested to sustain a rate of 35 Gflops with 7.6 Gbytes/s of sustained 
external bandwidth. Shown here is a block diagram (a) and photo (b) of the Compact MAP. 


can choose any imaging grid, while 
there is only one imaging grid avail- 
able for the polar format algorithm. 
Moreover, the backprojection algo- 
rithm offers an intrinsic ability to add 
or subtract pulses from an image—a ca- 
pability that is unavailable in any other 
imaging algorithm. 

Despite its compute-heavy drawback, 
the backprojection algorithm is attractive 
since it produces the most accurate im- 
ages and can be customized depending 
on mission requirements. The challenge 
then is to craft a processing architec- 
ture that’s reconfigurable and capable of 
real-time processing while fulfilling size, 
weight and power requirements for man- 
portable or small UAV systems. 


Integrated by an Order of 
Magnitude 

In developing the Compact MAP 
form-factor, SRC engineers compressed 
their standard MAP processor by an or- 
der of magnitude down to just 6 cubic 
inches, while at the same time increasing 
its processing performance. The resulting 





Compact MAP contains approximately 
60 million gates of user logic and has 
been tested to sustain a rate of 35 Gflops 
with 7.6 Gbytes/s of sustained external 
bandwidth. A block diagram of the MAP 
along with a photograph of the Compact 
MAP are shown in Figures 2a and 2b. The 
Compact MAP can be either air-cooled 
or spray-cooled for harsh environments. 
The air-cooled portable system is shown 
in Figure 3. 

The 2-D SAR Backprojection algo- 
rithm written in MATLAB was developed 
by the Air Force Research Laboratory 
(AFRL) for prototyping and evaluation 
with SAR datasets. The dataset was syn- 
thetically generated usingasimulated wide- 
band (7-13 GHz) complex radar backscat- 
ter, 360 degrees around a 3-D CAD model 
of a backhoe shown in Figure 4. 

The 2-D dataset for this study con- 
tained one slice at 10 degrees elevation of 
the full 3-D dataset, resulting in 5,040 1- 
D projections. After computation by the 
2-D SAR Backprojection algorithm, a 2-D 
image of 1001 x 1001 pixels was formed. 
Using a standard Intel 2.8 GHz Pentium 


4, one compute run of the full 2-D da- 
taset took 1.3 hours running MATLAB 
code. The study implemented the origi- 
nal MATLAB code in several forms. The 
compute performance of each implemen- 
tation was timed for comparison with the 
original MATLAB code. The resulting 
speedups are compared in Table 1. 

The imaging routine—called im- 
age_2d.mc—implemented on the MAP 
took advantage of many of the optimiza- 
tion techniques supported by the MAP 
Compiler. These optimizations included: 
spreading the computational array across 
multiple On-Board Memory Banks, using 
Block RAM arrays, using two User Logic 
Chips and overlapping DMAs with com- 
pute operations. The initial performance 
gain was 75x for the MATLAB—MAP ver- 
sion versus the original MATLAB version. 

The MAP performance of a com- 
pute loop when pipelined is one itera- 
tion of the loop every clock. The major 
consumer of computational time was the 
summation of the contributions of each 
swath to every pixel in the 2-D image. 
This summation loop took one clock per 
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The MATLAB Only implementation computation time for 


the imaging routine, image_3d.m, was 99.9% of the total 


computational time. 


This implementation converted all of the original MATLAB 


code into the C Language. The converted imaging routine, 


image_3d.c, utilized the optimized Intel IPP FFT routine. 


The imaging routine, image_3d.c used in the “C Code 
Only” implementation was modified to image_3d.mc, 
and compiled to the MAP using the Carte Programming 
Environment. 


This implementation used the main.c from the “C Code 


Only” implementation in conjunction with the MAP imag- 


ing subroutine, image_3d.mc 


MATLAB only 1x 

C code only AEX 

MATLAB — MAP 151X 

C — MAP 153x 
Table I 


The compute performance of each implementation of the backprojection algorithm was timed for 
comparison with the original MATLAB code. The resulting speedups are compared here. 


image pixel for a total of 1002001 clocks. 
This compares to the time to perform the 
16K complex FFT of 22975. The image 
summation was then split across the two 
User Logic FPGAs in the MAP, giving an 


additional 2x speedup. The microprocessor 
environment used in the study was an In- 
tel 2.8 GHz P4 running Linux. The MAT- 
LAB-MAP implementation took only 28 
seconds to process all 5040 1-D lines. 
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The Compact MAP is offered in either 
air-cooled or spray-cooled enclosure 
formats for harsh environments. The air- 
cooled portable system is shown here. 





Using Two MAPs 

If two MAPs were to be utilized, 
the system would provide a super-lin- 
ear speedup of the application. The first 
MAP could compute the scaling, FFT and 
post-FFT scaling for ten swaths. These 
ten swath vectors would then be sent to 
the second MAP which would perform 
the image update using all ten vectors 
concurrently, yielding a speedup of 750x 
compared to the original MATLAB code. 

There’s a clear performance increase 
of running the SAR 2-D Backprojection 
algorithm on the SRC Compact MAP. 
Until now, use of the backprojection al- 
gorithm in a real-time SAR system was 
difficult due to onboard processing con- 
straints—such as size, weight and power. 
With the development of SRC’s Compact 
MAP processor, a real-time backprojec- 
tion implementation is practical, even 
onboard small UAV systems. 

LeRoy Gorham, and Lt. Mathew Lukacs 
of the Air Force Research Laboratory, Sen- 
sors Directorate were also co-authors of this 
article. Wl 
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Practical for Defense Apps 


Moving military computing applications to FPGA platforms calls for a change in development 
workflows. Tools help automate the design of data flows for complex multi-FPGA implementations. 


Malachy Devlin, Chief Technology Officer 
Nallatech 


wide range of military applications 
A: demanding large-scale increases 

in computing performance. FPGAs 
have demonstrated the ability to deliver 
at least a one order of magnitude perfor- 
mance gain over general-purpose proces- 
sors (GPPs) by offering many data paths 
and the ability to customize the memory 
architecture to the problem. Up until now 
the limiting factor in the migration of mil- 
itary computing applications to FPGAs has 
been the challenge of adopt- 
ing a new and more complex 
development workflow. 

A new generation of de- 
velopment tools is allowing 
FPGA supercomputing ap- 
plications to be developed in 
familiar high-levellanguages 
such as MATLAB and C. In 
addition, tools have been 
developed that automate the 
design of data flows between 
processing cells in single and 
multiple FPGA implementa- 
tions. These tools greatly 
simplify the design process 
and also make it easy to in- 
crease or upgrade hardware 
as required. 

In nearly every area of 
military technology, com- 
puting power requirements 
are increasing at a rapid 
rate. One of the primary 
drivers is the need to take 
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High Bandwidth 
Camera Link Video 


advantage of the force-multiplying ef- 
fects and reductions in collateral damage 
provided by improving imaging sensitiv- 
ity and targeting accuracy. For example, 
the military is demanding rapid improve- 
ments in the computational capabilities 
of unmanned aerial vehicles (UAVs) in 
order to reduce dependence on commu- 
nications links and make it possible for 
applications to take action in real time 
without the latency of transferring data 
back to the ground (Figure 1). 

More sophisticated vibration isola- 
tion subsystems are needed to increase 


Field of Regard Guidance Real-Time Architecture 


Sensor Sensor Sensor 


Driving the need for more computing muscle aboard military 
unmanned aerial vehicles (UAVS) are efforts to reduce dependence 
on communications links and make it possible for applications to 
take action in real time without the latency of transferring data back to 
the ground. An example is this Field of Regard Guidance architecture 
developed by Defense Research Associates to enable UAVs to fly in 
civilian airspace. 





the sensitivity and resolution of infrared 
imagers and the accuracy of laser designa- 
tors. Even if conventional Harvard/Von 
Neumann architectures could meet the 
performance requirements, the size and 
power required would be well beyond 
the limitations of most airborne applica- 
tions. In contrast, FPGA reconfigurable 
computing platforms offer benefits in all 
dimensions of size, weight, power, per- 
formance and cost-affordability for the 
target environment, flight envelope and 
the rapidly changing mission application 
requirements during the lifecycle. Figure 
2 shows a PC/104-based FPGA 
high-performance computing 
platform for UAV applications. 


FPGA Computing 
Provides Performance 
Gains 

Now that FPGA architec- 
tures have evolved to the mul- 
timillion-gate level and have 
incorporated features such as 
embedded processors, large 
embedded RAMs and _ high- 
speed serial IO capability, they 
provide a compelling alterna- 
tive. FPGA architectures make 
it possible to configure the pro- 
cessor and related peripherals 
around the computing prob- 
lem while providing a large 
number of data paths that offer 
the potential for huge improve- 
ments in performance relative 
to conventional general-pur- 
pose computing architectures. 


in a UAV?" 
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Figure 2 


shown here is a PC/104-based 
FPGA high-performance computing 
platform for UAV applications. 


For example, the memory in a single 
FPGA could be configured to provide 
92 streams of data operating in paral- 
lel with six dedicated memory blocks for 
each stream that can store independent 
coefficients for enormous performance 
improvements. This helps explain why 
a Pentium 4 processor operating at 2.4 
GHz can typically generate 0.2 sustained 
Gflops in real applications and 4.8 theo- 
retical peak Gflops, while an FPGA card 
can provide 15 sustained Gflops and over 
40 theoretical peak Gflops. 


Algorithm A 
Algorithm B 
Algorithm C 
Algorithm D 
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Multi-Microprocessor or DSP Approach 


Figure 3 


devices 


overhead 


Multi-FPGA Approach — reduces communications 
overhead for an equivalent performance level 


The multi-FPGA approach results in reduced inter-device communications overhead 
compared to multi-microprocessors or DSPs. The red arrows represent communications 


(overhead). 


By configuring the processor to 
match the computing problems, FPGAs 
can dramatically reduce the device size 
and weight required to achieve a given 
level of computing performance. Con- 
sider, for example, a defense subcontrac- 
tor Nallatech recently worked with in the 
process of developing a supercomputing 
system incorporating 84 processors on 
two 42-inch racks in order to meet the 
demanding requirements of a real-time 
UAV application. The application was 
later moved to seven FPGAs that fit into 
an enclosure about the size of a shoebox 
while providing equal computing power. 
By more efficiently mapping silicon to the 


(a) 





computing application, FPGAs also pro- 
vide several orders of magnitude improve- 
ment in the performance provided by the 
device relative to the power consumed. 
Figure 3 shows a multi-FPGA approach 
and how it results in reduced inter-device 
communications overhead compared to 
multi-microprocessors or DSPs. 


Complexity of Traditional FPGA 
Design Workflows 

Up until now, taking advantage of 
the improved performance capabilities 
of FPGAs has required the development 
of new and considerably more difficult 
design workflows. This has limited the 








(b) 


shown here is a multi-FPGA implementation of a set of algorithms. The diagram (a) demonstrates algorithms being partitioned and implemented 
on just a Single processing card, with seven onboard FPGAs. The screen shot (b) shows an example of a DIMEtalk network to which application 
blocks can be connected. This spans multiple FPGAs and supports multiple application design flows. 
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ry 2 ular tis 
with FPGAs: 


conversion to FPGA supercomputing ar- 
chitectures to a relatively small number 
of defense contractors with leading-edge 
design capabilities. Supercomputing 
applications for traditional GPP architec- 
tures can typically be developed in C or 
other high-level computing languages. 
With an Intel microprocessor as the hard- 
ware platform, Windows or Linux as the 
system software and Ethernet as the com- 
munications platform, data communica- 
tions are carried out over flexible, scalable 
and easy-to-understand data networks. 
With well-defined application program- 
ming interfaces, not a great deal of in- 
teraction is normally required between 
hardware and software designers. 

Conventional FPGA workflows, on 
the other hand, are quite a bit more com- 
plex. While software is still required, 
the hardware must typically be designed 
from scratch using the much lower level 
VHDL code. If the application requires 
more than one FPGA, connecting algo- 
rithm blocks together and partitioning 
them across multiple boards can be quite 
challenging. This process typically needs 
to be repeated if the application is later ex- 
panded to utilize more FPGAs. This helps 
to explain why systems communications 
infrastructure typically occupies 80% of 
total design time. The vision of this need 
has driven Nallatech to create develop- 
ment environments, programming mod- 
els and tools that lead the way for develop- 
ers to access FPGA technologies in a more 
familiar and easier context. 


New Tools Simplify Design 
Process 

New tools are emerging to simplify 
FPGA supercomputing development tasks, 
which are finally putting these powerful 
architectures at the service of any design 
team. First of all, development tools such 
C-to-VHDL compilers have been released 
that make it possible for both hardware 
and software to be developed using famil- 
iar high-level languages such as C. Tools 
of this type make it possible to model 
complex hardware/software algorithms 
entirely in standard C development tools 
such as Visual Studio, CodeWarrior or 
GCC, then generate FPGA hardware from 
the C language descriptions automatically. 


Applications can be optimized to take ad- 
vantage of the extreme parallelism that can 
be achieved with FPGAs. VHDL hardware 
descriptions can be exported to popular 
FPGA synthesis and simulation tools. 

Other tools are offered that make 
it possible to design both hardware and 
software in a graphical environment. The 
FPGA hardware and software and plant 
model can be modeled using blocks. At 
various stages throughout this process, 
the behavior of the closed loop system can 
be simulated to evaluate performance, 
the accuracy of results and other system 
parameters. Once they are happy with the 
simulation performance, engineers can 
use the model to automatically generate 
the code needed to implement the design 
on an FPGA. 


Development of FPGA Comms 
Networks 

High-level tools such as Nallatech’s 
DIMEtalk are now available to enable de- 
signers to easily develop communications 
networks for FPGA systems at the con- 
ceptual level and automatically generate 
synthesizable code to represent them. The 
DIMEtalk environment picks up from 
where high-level implementation meth- 
odologies, such as those described above 
that enable developers to quickly translate 
algorithms from math-level functions into 
working FPGA algorithm blocks, leave off. 
They make it easy to graphically embed a 
data network inside an FPGA. Then the 
network design tool generates all the VHDL 
hardware files needed to get the job done. 

The user first develops the algo- 
rithms using standard or high-level 
tools. The design is then imported for 
compilation or used “as is” in the case 
of RTL HDL code design flow. The user 
application, which may consist of code 
from different sources, is then linked to- 
gether through the intercommunicating 
network code. The designer assigns the 
computational nodes to various network 
endpoints such as FIFO, RAM and mem- 
ory maps. These tools automate the pro- 
vision for software interfaces to FIFO, 
RAM and a wide range of I/O protocols. 
Figures 4a and 4b show a multi-FPGA 
implementation of a set of algorithms 
with an example DIMEtalk network. 
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Different protocols can easily be 
used in different parts of the system in 
order to optimize the tradeoff between 
performance and on-chip real estate. 
Heavier weight protocols can be used 
only where necessary to conserve silicon. 
For example, moving from a heavier 
weight protocol such as RapidIO to a 
simpler protocol typically reduces the 
gate count by 80 percent. 


Then the user joins the dots that 
represent network elements. Once the 
network is constructed, the user hits the 
“generate VHDL” button and the applica- 
tion creates all the Xilinx ISE related files 
needed to generate the FPGA source files. 
The generated code includes comments 
that make it easy to add or instantiate code 
within ISE rather than the network design 
tool. The whole design is then synthesized 
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using standard synthesis tools and imple- 
mented using standard implementation 
tools. It can then be easily implemented 
on prototype hardware such as Nallatech’s 
Virtex-4 XtremeDSP development kit. 


Implementing Hardware Upgrades 

In runtime, packet-based transfers 
are used across the network, enabling the 
transfer of data between nodes within 
FPGAs and also to backplane inter- 
faces and host systems. The highly opti- 
mized network protocol and low over- 
head implementation raises data transfer 
efficiency to as high as 97%. If the design 
changes, requiring more algorithm blocks 
and additional FPGAs, the designer sim- 
ply reconnects the data pipes to the new 
nodes and regenerates the VHDL code. 
FPGA technology refreshes can typically 
be accommodated simply by recompiling 
the source code. 

This new approach can simplify the 
process of developing and maintaining 
scalable FPGA-based supercomputing 
applications that harness as many algo- 
rithms and computing resources as are 
needed to meet today’s performance re- 
quirements and can quickly be scaled to 
meet the challenges of tomorrow. Off-the- 
shelf embedded computing hardware can 
serve as the host for multi-FPGA systems, 
and system software is available to provide 
hardware interfacing and control. 

High-level software tools can be used 
to develop algorithms and move data 
within and to and from their designs with 
minimal effort. This new approach to 
FPGA supercomputing makes it possible 
to take full advantage of the huge poten- 
tial benefits offered by FPGA computing. 
Further improvements can be expected in 
the near future as this new approach be- 
comes more tightly coupled with standard 
mechanisms to control, program and 
build FPGA-based computing systems 
that are being developed by organizations 
such as FHPCA and OpenFPGA. ll 
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Keeping Precision lime 
When GPS Signals Stop 


Most military GPS-based timekeeping systems are vulnerable to signal outages caused by unintended 
malfunctions or interference from enemy threats, because they rely on a single quartz oscillator for 

holdover timekeeping. A reliable, robust time and frequency source is needed to sustain operation for 
mission-critical navigation and communication systems. 


Bruce G. Montgomery, President, Syntonics 


he U.S. military requires accurate 
T iinsicrn to navigate, commu- 

nicate and distribute information. 
All branches of the service operate systems 
that rely on precise timekeeping to support 
communications, sensors, targeting and 
information distribution. In some military 
applications, an atomic clock is used as a 
precision clock. More commonly, a preci- 
sion oscillator disciplined by the Global 
Positioning Satellite (GPS) system is used. 

The military has become increasingly 
dependent on GPS satellites to provide a 
common time reference for all branches of 
the service. The advantages of this system 
are its precise, sub-microsecond timing 
accuracy, as well as its widespread avail- 
ability. The disadvantage is that GPS sig- 
nals are vulnerable to outages caused by 
unintended interference or malfunctions 
in user equipment, as well as enemy threats 
such as jamming. 

This vulnerability creates the need 
for a reliable, robust time and frequency 
source that sustains accurate timekeep- 
ing even during satellite signal outages. 
Without continual satellite signals, mis- 
sion-critical navigation and communi- 
cation systems become unsynchronized 
and cease to operate properly. To prevent 
this, accurate “holdover” timekeeping 


is required to flywheel through satellite 
signal interruptions. 


The Problem with Current Clocks 
The piezoelectric properties of quartz 
crystals make them uniquely useful for 


timekeeping. Wristwatches, for example, 
use a battery to excite a quartz crystal, 
which vibrates at a precise frequency 
to keep time. Most atomic clocks use a 
quartz oscillator to provide their out- 
put signals. Systems designed to receive 


Existing Single-Oscillator Methods vs. PICO Advanced Clock 


Characteristic Single Oscillator 


Precision 


present 


Time/ 
frequency drift 


Robustness 


frequency capability 


Reliability No self-monitoring or reporting 
capability 


Flexibility Single-purpose device 


Figure ] 


Maintains precise time only when 
an external precise time reference is 


Cannot compensate for oscillator drift 


Partial or complete oscillator failure 
causes complete loss of time and 


PICO Oscillator Ensemble 


Maintains precise time for hours after an 
external precise time reference is removed 


Compensates for oscillator drift in all 
connected local references, include 
customer-supplied clocks 


Partial or complete oscillator failure, 
including in a customer-supplied clock 
signal, results in minimal loss of time/ 
frequency capability 

Sophisticated self-monitoring and reporting 
capability 


Can use clock signals from existing atomic 
clocks, if available, protecting current 
investments in time/frequency references 


The Precise Intermediate-term Computer-controlled Oscillator (PICO) Advanced 
Clock architecture is based on an ensemble of oscillators. This ensemble has several 
advantages over the single-oscillator systems used in most precision timekeeping 
systems, including atomic clocks and GPS-based systems. 
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about the sun—approaches one second, 
a “leap second” is added or subtracted to 
UTC. The GPS system uses a variant of 
UTC managed by the U.S. Naval Obser- 
vatory. This time scale runs at the rate of 


PICO Advanced Clock 


atu: Time 
Weenie (terval 


! Oscillator 1 
Unit (TMU) Data Hal) 


Gare Ualalsy m0) 

- “N” oscillators 

- “M” additional 
cacy gate la] e)U)bS 

- Atomic oscillators, 
if any 

- SGU feedback 


Oscillator N 


Oscillator 
: Ensemble Unit 


Signal Generation 
Unit (SGU) 


Figure @e2 


(Runs adaptive 
Kalman filter and 
other software) 


User 
<i—_ 
Interface 


Example Inputs: 
- GPS 

Teena - GLONASS 

(IOU) - GALILEO 

Example Outputs: 
- 1/1M/5M-PPSec 
- 1/10/1M/10M-PPMin 
- Other time codes 
- 5/10/other MHz 


The PICO clock maintains a stable time scale using an averaging concept so that precise 
time can be maintained when the external time reference is lost. 





accurate time from satellites also employ 
a quartz oscillator to generate their time- 
keeping output signals. 

The problem lies in the fact that 
these systems use only one quartz oscil- 
lator for this important purpose. A single 
quartz oscillator provides the holdover 
frequency and timekeeping capability in 
most military (and civilian) GPS-based 
timekeeping systems. If the GPS signal is 
interrupted for any reason the accuracy of 
timekeeping must suddenly rely on that 
single oscillator. But for systems that re- 
quire nanosecond- or microsecond-level 
accuracy, that’s not good enough for rea- 
sons of both accuracy and reliability. 

Although quartz crystals are suf- 
ficient to make wristwatches capable 
of keeping time within a few seconds a 
week, they cannot maintain higher accu- 
racy levels for very long. All quartz oscil- 
lators experience small frequency errors, 
which are continually corrected in a GPS- 
disciplined system. Over time, they drift 
and their frequency changes. In addition, 
oscillators are sensitive to temperature, 
pressure and vibration. Although their 
reliability is pretty good, it is not perfect. 

Therefore, a system that keeps hold- 
over time with only one quartz oscillator 
is a system that drifts noticeably when 
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the satellite signal is lost. For example, 
one military user reports that if the GPS 
signal is unavailable, its shipboard clocks 
can drift milliseconds in a few hours even 
though the user needs microsecond-level 
accuracy. Also, since most clock systems 
cannot directly sense an oscillator mal- 
function, a partial failure that degrades 
timekeeping can go unobserved. 


Keeping Accurate, Reliable Time 

Historically, when highly accurate, 
reliable holdover timekeeping has been 
required, an atomic clock has been added 
to the system. Since 1972, the world has 
kept “Coordinated Universal Time” 
(UTC). The UTC time scale is the con- 
sensus of hundreds of atomic clocks in 
national laboratories around the world. 
Each laboratory reports its clocks’ times 
to the International Bureau of Weights 
and Measures in Sevres, France. UTC 
is calculated as the weighted average of 
those clocks—the more stable the clock, 
the heavier its weighting—and published 
as differences between UTC and the con- 
tributing clocks. 

This clock-averaging scheme is also 
tied to astronomical observations. When 
the difference between UTC and the 
year—defined by the Earth’s rotation 


UTC but does not observe leap seconds. 

Atomic clocks are sufficiently stable 
to keep microsecond levels of timekeep- 
ing accuracy for weeks, and nanosecond 
levels of accuracy for hours and days. 
However, because they are relatively ex- 
pensive and not well suited to rugged 
field equipment, only the most criti- 
cal applications use atomic clocks for 
holdover timekeeping. Since even these 
clocks constitute single-point failures, 
some applications include two atomic 
clocks and continually compare them. 
But, if both of these clocks disagree and 
GPS is not available, it is difficult to de- 
termine which clock is wrong. 


A Different Approach 

One approach to inexpensive, accu- 
rate, reliable holdover timekeeping is the 
Precise Intermediate-term Computer-con- 
trolled Oscillator (PICO) Advanced Clock. 
It uses an ensemble of several oscillators to 
keep precise time when GPS signals are not 
available (Figure 1). 

PICO constructs and maintains a stable 
time scale using an averaging concept, but 
it performs real-time clock averaging with 
an adaptive Kalman filter. Each oscillator 
in the clock’s ensemble is characterized 
by comparing it to the GPS timing signal, 
when available. The Kalman filter learns 
to correct each oscillator for its current de- 
terministic errors—e.g., frequency error, 
frequency drift rate and drift rate change— 
and statistically weights and combines each 
oscillator’s output to form a best-estimate 
stable frequency output. Additionally, the 
weights assigned by the Kalman process 
are proportional to the stochastic (ie., 
random) error, or noise, in that oscillator’s 
output signal, with a noisier oscillator re- 
ceiving less weight. Over time, the Kalman 
filter also adapts both its deterministic and 
stochastic coefficients to reflect changes in 
the oscillators. If an oscillator has failed, 
it can be excluded from the calculations, 
which makes this approach a good monitor 
for atomic clock health. 


Main photo courtesy of: www.news.navy.mil 
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Acromag introduces affordable FPGA I/0. For ALL your projects. 


S an engineer, your projects are unique, 
Py er toning a budget-bound. That's 


why our new PMC modules give you an 


affordable solution to create custom 1/0 boards. 


But if you thought FPGA computing was only 
for top-end applications, think again. Our 
PMCs are ideal for protocol conversion, 
simulation, in-circuit testing, and much more. 
So why settle for generic 1/0 when you can 
design exactly what you need while staying in 
budget and reducing your time to market? 


¢Virtex’-Il FPGA with 500K, 
2M or 3M system gates 

* 1Mb on-chip RAM, 
9Mb on-board SRAM 


¢ Fast PCI with 32-bit, 
66MHz dual DMA 


Cost-effective custom 1/0 
Choose from a variety of 1/0 configurations: 


* Digital 1/0: TTL, RS422, or LVDS 1/0 
* Analog 1/0: four 20 or 65MHz A/D and two D/A 
Faster time to market 
Why waste precious time building a board from 
scratch? Our new FPGA modules let you process 
your I/0 signals any way you want. Quickly. 
Flexibility to meet unexpected challenges 
Acromag FPGA I/0 will help you bring your 
projects in on time and under budget. And with 
FPGAs, you'll be ready to adapt 
to all the inevitable changes. 
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Think flexible. Think affordable. 
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The architecture has five subsystems 
(Figure 2). The Oscillator Ensemble Unit 
(OEU) packages the ensemble’s “N” os- 
cillators and isolates them from vibration 
and rapid thermal changes. The Time 
Measurement Unit (TMU) ingests signals 
from “N” oscillators in the OEU, from 
“M” optional atomic clocks that may be 
participating in the ensemble, from the 
Signal Generation Unit (SGU), and from 
the external time reference, such as GPS. 
Each of these N+M-+2 signals is reduced 
to a one pulse-per-second (1 PPS) signal 
and differenced with the external time 
reference signal, which is usually the 1 
PPS from a GPS timing receiver. These 
interval measurements are reported as 
numeric data to the CPU. 

The CPU ingests the incoming time 
difference data, processes the data with 
the adaptive Kalman filter, and outputs 
an appropriate control signal to the SGU. 
The CPU also runs software to interface 
with the Input/Output Unit (IOU) and to 
set up and monitor the CPU via the user 
interface. The SGU comprises a voltage- 
controlled oscillator (VCO) steered by 
a control signal from the CPU. It is this 
oscillator that provides the stable time 
output of the clock, whether or not a GPS 
signal is available. The IOU handles the 
various input and output timing signals. 


Advantages of the PICO Advanced 
Clock Architecture 

This approach has three significant 
advantages. First, the performance of each 
oscillator can be corrected by comparison 
with GPS signals when they are available, 
thereby compensating for deterministic 
errors. This leaves only stochastic errors 
to degrade that specific oscillator’s time- 
keeping performance when GPS signals 
are not available. 

Next, by combining the timekeeping 
results of several oscillators, timekeeping 
statistics can be improved, suppressing 
the stochastic error in the system’s perfor- 
mance by an amount that is inversely pro- 
portional to the square root of the num- 
ber of oscillators. That is, an ensemble of 
four oscillators gives 1+V4 = 1/2 the error 
of a single oscillator, an ensemble of nine 
oscillators give 1+V9 = 1/3 the error of a 


TMU (FPGA 
board from Xilinx) 


Figure 3 
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The prototype PICO clock was implemented for the U.S. Navy’s Navigation Sensor System 
Interface (NAVSSI) and Link-16 terminal applications using two commercial development 
boards, in addition to new circuitry. 


single oscillator, and so on. Since this is a 
rapidly decreasing benefit, the prototype 
clock was built with five oscillators: four 
to reduce statistical errors by 1/2 and an 
extra oscillator so that four will remain 
working even if one fails. 

Finally, the ensemble can self-iden- 
tify failures. The PICO Advanced Clock 
provides precise, low-drift, robust, reli- 
able and flexible holdover timekeeping, 
as well as a stable precision frequency ref- 
erence. Its ability to synchronize within 
a few nanoseconds to an external time 
source, such as GPS or a network time 
reference, delivers precision results. 

After synchronizing to an _ ex- 
ternal reference such as GPS, PICO 
compensates mathematically for any 
drift in its clock ensemble, including 
customer-supplied clocks, sustaining 
precision timekeeping for extended 
periods if the external reference is in- 
terrupted. The Advanced Clock’s archi- 
tecture—where any oscillator’s partial 
or complete failure, including a failure 
in any customer-supplied clocks, only 
slightly degrades the performance of 
the unit—is the basis of its robustness. 
Its self-monitoring and self-reporting 
functions provide reliability, and its 
ability to include existing customer 
devices, such as atomic clocks, as 





participants in ensemble timekeeping 
make it especially flexible. 

Under a Phase I SBIR contract with 
the U.S. Navy, the Space and Naval 
Warfare Systems Command (SPAWAR) 
selected Syntonics to demonstrate the 
feasibility of the PICO Advanced Clock 
concept. After successfully completing 
Phase I, Syntonics was chosen to develop 
a prototype—adaptable to both the Na- 
vy s Navigation Sensor System Interface 
(NAVSSI) and Link-16 terminal applica- 
tions—under a Phase II SBIR contract. 

The PICO Advanced Clock approach 
can be used in military applications that 
depend on GPS for precise timekeeping 
and/or that require highly accurate and 
coordinated timekeeping information. 
These include precision-guided muni- 
tions, Airborne Warning and Control 
System (AWACS) platforms, Joint Sur- 
veillance Target Attack Radar System 
(Jjoint STARS), and submarine atomic 
clock performance monitoring. Hl 


Syntonics 

Columbia, MD. 

(410) 480-0500. 
[www.syntoniscorp.com]. 


October 2005 COTS Journal [ 37 ] 


Softer Side 


POS/NAV/GPS and Timing 





Nanosecond-Level Precision 





Applications 


The IEEE-1588 Precise Time Protocol, which delivers nanosecond-level precise time accuracy over a 
Standard network connection, is changing the design of military systems. Its ease of deployment and 
management, combined with connectivity cost savings and synchronization accuracy, are improving 
efficiency and effectiveness in multiple ways. 


Paul Skoog, Product Marketing Manager, and Doug 
Arnold, Chief Scientist, Symmetricom 


he pervasiveness of Ethernet as a 
TL ecoecivs medium has led to a 

development that is changing the 
nature of time transfer and synchroni- 
zation in military applications, such as 
submarine sonar systems and real-time 
theater-deployable systems that identify 
enemy threats. Previously, the network 
time protocol (NTP) and the IRIG time 
code were the predominant choices for 
precise time synchronization. But the 
recent IEEE-1588 Precise Time Protocol 


Figure ] 


(PTP) is demonstrating 10 to 100 nano- 
second (ns) synchronization between 
computers connected via Ethernet LANs. 

It would be an understatement to 
say that Ethernet is growing as a connec- 
tivity medium for data acquisition. The 
problem, though, is that Ethernet packet 
transfer is nondeterministic and does not 
lend itself to real-time or time-sensitive 
applications requiring synchronization. 
Thus, control and data acquisition sys- 
tems usually deploy a separate network 
of cables carrying timing signals such as 
IRIG B for synchronization. These par- 
allel networks are expensive and require 


In hardware implementing IEEE-1588, the time stamping unit (TSU) monitors packets at the 
Media Independent Interface (MII) layer, between the Ethernet MAC and PHY. When a 1588 
timing packet passes through the MIl, the TSU generates a precise time stamp and sends It 
to the processor. 
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Timing Comes to Military 


special clocks, hardware and installation. 

The culprit in Ethernet time deg- 
radation has been network and appli- 
cation latency and jitter. For example, 
NTP achieves a time transfer accuracy 
of only 0.5 to 2 milliseconds on a LAN 
due to these factors. The IEEE-1588 pro- 
tocol overcomes these problems through 
hardware time stamping at the network’s 
physical layer. The result is an improve- 
ment in time transfer accuracy to between 
10 ns and 100 ns, which can be achieved 
using the same Ethernet network as data 
and other traffic. This represents both a 
savings in the cost of now unnecessary 
equipment and hardware, such as time 
distribution cabling, as well as a signifi- 
cant improvement in accuracy over pre- 
vious time transfer alternatives. 


NTP vs. IRIG vs. IEEE-1588 


Selection of a standard synchroniza- 
tion solution always begins with the re- 
quired time accuracy. NTP is common 
because it requires a minimum amount 
of hardware, works over LANs and WANs 
and is relatively inexpensive to implement. 
However, the nondeterministic nature of 
Ethernet LANs and WANs, coupled with 
the NTP clients generally running on 
non-real-time systems such as Windows 
or Linux, limits time transfer accuracy. 
Clients can typically sync to the server 
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within the 0.5- to 2-millisecond range on 
a LAN, and within the 1- to 20-millisec- 
ond range on a WAN. However, these lev- 
els of accuracy are not guaranteed. Tests 
repeatedly show that while the worksta- 
tion clock may be set with that accuracy 
level, the time can vary wildly between 
time corrections. It is not uncommon 
to see periodic clock corrections of 10 to 
50 milliseconds because the Windows 


——— 


operating system was busy performing 
other, higher priority tasks. Workstations 
running Windows or Linux were not de- 
signed to be good timekeepers. 

The IRIG time code improves time 
transfer accuracy by requiring dedicated 
hardware clocks at both ends of the dedi- 
cated timing cabling. The most com- 
mon interconnect is coaxial cable car- 
rying the amplitude modulated signal. 





Looking for a solution for your mission-critical application? 
Advantech has the answer to your demanding needs. 


As a world market leader, Advantech is dedicated to deliver rugged and reliable 
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Master Network 


Figure ec 


In the sequence of packets used to 
transfer time from the 1588 master to 
a 1588 slave, the follow-up packets 
containthe precise time stamp indicating 
when the sync packets left the master 
(11). Similarly, the delay response 
packet contains the arrival time of the 
delay request packet at the master (14). 
The sync/follow-up packet pairs are 
broadcast by the master periodically, 
at a rate that can be different from the 
rate at which delay request and delay 
response packets are sent. Slave clock 
correction= % (11-12-13+14). 





IRIG-B and related time codes are per- 
vasive in military, aerospace and power 
utility instrumentation, where they have 
been used for decades, as they provide 1- 
to 10-microsecond synchronization ac- 
curacy. Their downside is the dedicated 
cabling requirement that burdens infra- 
structure by requiring separate data and 
timing cabling. Time code distribution 
requires a master time code generator and 
a potentially complex distribution system 
involving amplifiers and synchronized 
generators for the delivery of the ampli- 
tude-modulated time code to the remote 
instrumentation. 


The IEEE-1588 PTP is deployed using 
hardware clocks with a standard Ethernet 
LAN interconnect between them. It can 
provide 10- to 100-ns synchronization 
accuracy. The multicast IEEE-1588 pro- 
tocol has very low overhead: normal net- 
work traffic can also use the same LAN. 
Regular hubs, switches and category 5 ca- 
ble comprise the network infrastructure. 
This removes any requirement for special 
coaxial cable and distribution systems, 
like those which are typically required to 
distribute IRIG time code. 

Oscillator drift and time transfer 
latency are the two primary problems 
that must be overcome in synchronizing 
clocks. Disciplining an oscillator to a bet- 
ter source of time, such as GPS, or using 
a more expensive oscillator, reduces clock 
offset errors related to drift. Estimating 
or eliminating time transfer latency be- 
tween the clocks further reduces these er- 
rors. NTP assumes that network-induced 
latency is symmetrical for outbound 
and inbound NTP packet transit times. 
That assumption is factored into its al- 
gorithms. For the IRIG time code, time 
transfer latency is accounted for in cable 
delay and remedied by measuring cable 
length and advancing the slave clock by 
a fixed time constant. This must be done 
for every cable and clock in the IRIG time 
distribution network if optimum syn- 
chronization is required. 


Hardware-Assisted Time 
Stamping 

The key to high-precision time trans- 
fer using the IEEE-1588 PTP is hardware- 
assisted time stamping and the technique 
for exchanging these time stamps be- 
tween the master and slave clocks. At the 
chip level, a time stamping unit (TSU) is 
placed between the Ethernet Media Ac- 
cess Control (MAC) and the Ethernet 
PHY transceiver to sniff outbound and 
inbound Ethernet packets (Figure 1). 
When the leading bits of a 1588 packet 
are identified, the time is latched in hard- 
ware. This provides the ability to precisely 
measure the arrival or departure time of 
the 1588 time packets. 

The master clock periodically broad- 
casts a Sync message, based on its lo- 
cal clock, to a multicast address on the 
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— Hub 


== Switch 
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Figure 3 


Histograms indicating the time synchronization achieved between IEEE-1588 master and 
Slave through three different types of Ethernet connection devices. Inconsistent device 
latency results in increased clock offset errors represented by the increased dispersion in 


the data. 


network. As this packet passes between 
the MAC and the PHY the instant before 
it transits the network, the TSU makes a 
precise measurement of exactly when the 
Sync message left the master clock. The 
Sync message is immediately followed by 
a Follow-Up message that contains the 
exact time the Sync message left the mas- 
ter clock. The small Sync and Follow-Up 
messages are broadcast at intervals of ev- 
ery 1, 2, 8, 16 or 64 seconds. 

The slave clock receives the Sync 
message and time stamps exactly when it 
received the message using the same time 
stamping technique. It then receives the 
associated Follow-Up packet so that it 
has the best estimate of the time the Sync 





message was sent relative to the mas- 
ter clock. This time stamping technique 
removes all latency associated with the 
overhead involved in processing the time 
packets by the operating system or net- 
work stack on both the master and slave 
clocks. However, it does not account for 
the network-induced latency of hardware 
that resides between the clocks, such as 
hubs, switches and cables. 
Network-induced latency is  ac- 
counted for by measuring the roundtrip 
delay between the slave and the master 
clock. The slave occasionally sends a pre- 
cisely time-stamped delay request mes- 
sage (Delay_Req) to the master clock, 
which returns the Delay_Req message in 





NTP, IRIG Time Code and IEEE-1588 Synchronization Requirements 
Required Clock Hardware and 


Protocol sync Accuracy 


Interconnect 


Software 
Ethernet Hardware or software server, 
NTP FUE Ue LAN or WAN software clients 
IRIG 1-10 ys Coaxial cable Hardware master and slaves 
IEEE-1588 10-100 ns Ethernet LAN Hardware master and slaves 
Table Il 
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a precisely time-stamped delay response 
(Delay_Resp) message. The time stamps 
in these packets, in conjunction with 
those in the Sync and Follow-Up packets, 
enable the slave to accurately measure 
network latency between itself and the 
master. It is the combination of the very 
precise time stamps and a precise esti- 
mate of the delay between the master and 
the slave that allow the slaves to be so well 
synchronized (Figure 2). 

The broadcast rate influences syn- 
chronization accuracy between the mas- 
ter and the slave. In general, the shorter 
the interval the more accurate the client 
sync to the master will be, and the more 
network bandwidth that will be con- 
sumed, albeit extremely small. There is 
a common misconception that shorter 
broadcast intervals permit the use of less 
expensive, lower quality oscillators while 
still achieving the high precision possible 
with 1588. Low-quality oscillators have 
poor stability, and increasing the broad- 
cast interval has diminishing returns 


Network Attached Storage 
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PC CARD WAS DTU'S 
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that do not substantially improve perfor- 
mance. Thus, there is a tradeoff between 
oscillator stability and broadcast interval 
that must be considered to achieve differ- 
ent levels of synchronization accuracy. 


Network Factors Reduce 
Accuracy 

Fundamentally, Ethernet networks 
are not deterministic when it comes to 
time transfer. The uncertain packet jit- 
ter introduced by router buffer delays 
and switch latencies work to defeat time 
transfer accuracy. Consequently, IEEE- 
1588 was designed to work on a LAN. 
The targeted time transfer accuracy will 
determine whether clocks/devices must 
be interconnected with hubs, switches, 
boundary clocks or a special switch called 
a transparent clock (Figure 3). In general, 
hubs offer the best value in cost versus 
packet delay. Although efficient for mov- 
ing packets, a switch increases packet ar- 
rival time jitter, which reduces the time 
transfer accuracy. 


Fax 704.708.4722 
Ww. Targasystems .com 





Boundary clocks are a type of multi- 
port switch where one port is an IEEE- 
1588 slave to a master clock, and all other 
ports are masters to downstream slave 
clocks. This is a reasonably good method 
of fanning out precise time among sub- 
nets to slaves. The danger, though, is 
that cascading boundary clocks begin 
to accumulate non-linear time offsets in 
their servo loops. The farther they are 
from the true master clock the greater 
the oscillations in time become. 

An IEEE-1588-enhanced type of 
switch, called a transparent clock, modi- 
fies the precise time stamps in the De- 
lay_Resp and Follow_Up messages to 
account for delays caused by the switch 
(receive and transmit latencies). Al- 
though this improves slave synchroni- 
zation to the master, it also creates a se- 
curity issue in that the crypto checksum 
does not match the final packet arriving 
at the slave. 
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Extreme environments that need mission-critical reliability need 
Themis’ single-board computers. 
Two UltraSPARC® Illi 
1.2 GHz CPUs 
4GB 266DDR SDRAM 
per CPU, 8GB total 
Optional TGA3D+™ graphics 
Gigabit Ethernet port 
One 64-bit/66-MHz PMC slot 
Up to three PMC 
expansion slots 
Dual FC-AL ports 
Additional VME- 
backplane access 
Up to 30G shock 
Solaris™ OS 


Our high performance, high availability computers have proven 
themselves in the harshest, most demanding applications and operating 
environments. Where other systems fail, our systems survive — 

in extreme temperatures and up to 30G shock. 


And now Themis’ family includes AMD and IBM PowerPC processors 
in addition to our well-known UltraSPARC VME and Compact PCI 
single board computers and graphic accelerators. So we can support 
applications in Solaris, Windows, Linux, UNIX®, and more. 


All are designed for maximum flexibility and low Total Cost of Ownership. 
Because the budgeting process can be a pretty hostile environment, too. 


So when your mission takes you in harm’s way, you can rely on Themis. 


www.themis.com (510) 252-0870 
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IEEE-1588 is used to synchronize the 
acousticinterceptand ranging processor, 
providing high-resolution sonar signal 
processing for today’s submarines. 
High-resolution timing allows for the 
development of synchronized sampling 
of multiple acoustic sensors using 
commercial processors in a netted 
architecture. [he system shown is under 
development at the Progeny Systems 
Corporation in Manassas, Virginia. 





Near Real Time Based on 
Scheduling 

Ethernet and data acquisition go 
hand in hand these days. However, the 
non-deterministic nature of Ethernet for 
real-time or near real-time systems has 
historically limited deployment in the 
areas requiring precise time and/or syn- 
chronization in data acquisition. These 
systems often use triggering techniques 
and delay compensation independent of 
the data network to coordinate synchro- 
nized data collection. With its precise 
time-of-day synchronization, IEEE-1588 
brings the notion of scheduling triggers 
to the forefront for real-time systems. 

In one particular application, a real- 
time control system is deployed with a 
wide array of independent sensors, each 
synchronized using an onboard 1588 
clock. Each sensor is synchronized with 
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every other sensor to within less than 1 
microsecond over Ethernet from a single 
1588 grandmaster clock. At the top of the 
second, and every 5 milliseconds there- 
after, each sensor makes a measurement 
and sends the data back to the controller 
over the same LAN that is synchronizing 
the sensors. There is no trigger variation 
in this system caused by trigger propa- 
gation delay between the nearest and 
furthest sensor. Data is collected syn- 
chronously over the entire system at each 
precise interval. 


Military and Aerospace 
Applications 

The notion of bringing precise timing 
and synchronization close to the sensor is 
especially useful in military applications. 
Sensor networks interconnected by ad 
hoc Ethernet networks are envisioned for 
theater-deployable applications that oper- 
ate in real time to identify enemy threats. 
Similarly, submarine sonar systems use 
precise time stamping close to the sensors 
to improve acoustic intercept and ranging 
accuracy and simplify the sensor inter- 
connect network (Figure 4). Data can be 
collected faster with improved accuracy 
resulting in better performance from the 
sonar system. 

TEEE-1588 is also finding a role in re- 
placing IRIG-based sync in aircraft flight 
testing. Ethernet is being deployed as the 
interconnect between various onboard 
data acquisition systems. The appeal of 
1588 is that it provides synchronization 
better than the IRIG time code, and it 
uses the single Ethernet network as data 
and synchronization interconnect. 

An JEEE-1588 standards group is de- 
fining the next version of the protocol that 
will enable even better precision through 
higher update rates, smaller packets and 
improved network element definition to 
better account for network latency fac- 
tors. Improved fault tolerance and SNMP 
compatibility are in the works to further 
improve interoperability with existing 
network management systems. Hl 


Symmetricom 

San Jose, CA. 

(408) 433-0910. 
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FULLY QUALIFIED 
MIL-STD-461D (EMC/EMl) 
MIL-STD-704A (Electrical) 
MIL-STD-810 (Shock, Vibration) 


Fast Cluster 


Rugged Level III 
Multi-Chassis Systems 
Myrinet ANSI/VITA 26 & VME64X 


Open Software 
Linux - VxWorks™ - MPI - VSIPL - ISSPL 
Fault Tolerant Message Passing 


11U Rugged Chassis 
12 GB/s Myrinet Fiber Interconnect 
20x 6U Blades 
3x Myrinet Switch Line Cards 
Plug-in Power and Blower Trays 


6U Rugged Blades 


Dual PowerPC 7457 AltiVec™ @ 1 GHz 
1 GB/s Myrinet™ - 2 GB SDRAM 
2x PMC - 2x Serial Ports - 2x 32 MB Flash 


Rugged PMC Options 


Fibre Channel, Gigabit Ethernet, SCSI, 
RAID, FPDP, Flash Memory, 
Bulk Memory 


(978) 663-7598 
www.cspi.com/multicomputer 
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Multi-Core Processors 


Emerging Tiled Processor Trend 


Rivals SMP Approaches 


Compute-intensive military systems are riding the trend toward multi-core processors. Emerging 
choices in tiled processing architecture offer an alternative to symmetric multiprocessor schemes. 


Jeff Child 


here’s a time of transition afoot in 
Te: microprocessor world: the road 

maps of the leading processors show 
that all roads lead to architectures sport- 
ing multiple CPU cores on the same de- 
vice. Many military applications have an 
immediate need for the level of comput- 
ing muscle such devices provide. Com- 
pute-intensive applications such as sonar, 
radar, SIGINT and UAV control systems 
fall into that category, along with several 
others. But because the trend is funda- 
mental across all processor vendors, is- 
sues surrounding multi-core processing 
must be faced by all high-end computing 
applications in the near future. 

What’s behind this shift to multi- 
core approaches? For well over a decade, 
microprocessor designers have made 
clever use of the ever-increasing number 
of transistors that bless semiconductor 
fab advances. In order to wring the great- 
est possible performance increases they 
used the largest number of transistors to 
refine their superscalar architectures and 
lengthen pipelines. 

Those techniques brought proces- 
sors from 100 MHz of a decade ago all the 
way to the | GHz and more that we're at 
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today. Today, for reasons like power den- 
sity and other physical issues—all those 
techniques aimed at making single mi- 
croprocessors faster now no longer have 
the return that they once had. With that 
in mind, processor architects realize that 
the most efficient way to leverage the 
Moore’s Law “guarantee” of increasing 
transistor counts is to pack multiple pro- 
cessing units on the same die. 

Although thetrend toward multi-core 
processing is nearly universal, there are 
two fundamentally different approaches 
to the trend. The more mainstream pro- 
cessor vendors like Intel, Freescale and 
AMD are moving to an SMP (symmetric 
multiprocessing) approach where each 
core runs a separate program thread. In 
an application that happens to have two 
completely unrelated threads, one of them 
can be waiting for I/O while another can 
be calculating. 

The other multi-core approach is 
what academics call “tiled” processors. 
The tiled processor most talked about 
these days is the Cell processor. Devel- 
oped by IBM, Toshiba and Sony Group, 
the Cell architecture features eight syn- 
ergistic processing elements plus a Power 
Architecture-based core. The Cell proces- 
sor offers a peak performance in excess of 


200 Gflops, which equates to 200 billion 
flops. In a move to broaden the Cell’s 
use beyond the gaming market—Sony’s 
PlayStation 3 video game system to be 
specific—IBM made the Cell device and 
supporting source code available to hard- 
ware and software developers. 

For its part, Mercury Computer Sys- 
tems partnered with IBM to bring the 
Cell into the embedded market to address 
computationally intensive applications 
in aerospace and defense and other mar- 
kets. The first fruit of that partnership 
emerged early this month when Mercury 
rolled out its dual Cell-cased blade, based 
on IBM’s BladeCenter design. For more 
details on the Cell processor see the ar- 
ticle “Cell Technology Enables New De- 
fense Applications” by Mercury on p.52 
later in this section. 


DARPA Flies MONARCH Program 


The Cell isn’t the only tiled proces- 
sor in the market—some are under devel- 
opment and others are already available. 
Taking a more specific bent toward mili- 
tary applications, the Defense Advanced 
Research Project Agency (DARPA) con- 
tracted Raytheon in May to develop a 
programmable computing system based 
on an extremely fast, powerful and ver- 
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Figure ] 


The CSX600 PCI-X Accelerator board sports two CSX600 processors plus 4 Gbytes of 
DDR2 SDRAM. Each CSX600 chip has 96 Processing Elements, 128 Kbytes of on-chip 
Scratchpad SRAM, DDR2 DRAM interface and 1/0 all interconnected by the ClearConnect 
on-chip network. The ClearConnect bus is also used for inter-chip communication, allowing 
both processors, and the host, access to the local memory of both CSX processors. 





RTOS Approaches for Multi-Core 
Processing 


Stephen Martin, Director of Marketing 
Quadros Systems 


The term multiprocessing covers the spectrum of coupled CPUs, 
whether they are all located in the same chip, separate chips on the same 
board or geographically dispersed. Whatever the configuration, military 
system developers should examine the two basic choices of multiprocessing 
real-time operating systems—Symmetric Multiprocessing (SMP) and Asym- 
metric Multiprocessing (AMP). Each has its advantages and disadvantages. 

SMP can only be used when the processors are homogeneous and 
shared memory Is available to the processors. SMP is a step up the ladder 
from single processor systems because it divides the application among 
the various CPUs in the system. A central premise of SMP is that the RTOS 
scheduler’s job is to find a CPU node in the fabric on which the current 
process can run. Compared to AMP, it offers a simpler approach as the 
developer writes the application code for a single processor and lets the 
underlying operating system determine when and on which CPU the code 
will run. This is also a limitation of an SMP approach since the developer 
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satile chip by 2008. Given the designation 
Morphable Networked Micro-Architec- 
ture (MONARCH), the vision is for a 
system that can alternate instantaneously 
between front-end (streaming) and 
back-end (threaded) processing through 
the use of industry-leading IBM Cu-08 
90-nanometer technology. Its ability to 
perform in a single-chip or a system-on- 
a-chip role will allow the MONARCH 
device to reduce significantly the number 
and types of processors required for com- 
puting systems. It’s expected to be able 
to process incoming and outgoing data 
while analyzing it. 

British firm Clearspeed also offers a 
tiled processor product called CSX600. 
This CSX600 is a 25 Gflops (sustained) 
application accelerator and co-proces- 
sor based around an advanced multi- 
threaded array processor. The CSX600 is 
available on a PCI-X application accelera- 
tor add-in board (Figure 1). The CSX600 
has 96 Processing Elements (PEs), 128 
Kbytes of on-chip scratchpad SRAM, 
DDR2 DRAM interface and I/O all inter- 
connected by the ClearConnect on-chip 
network. Each PE has an integer MAC, 
a dual 64-bit FPU and 6 Kbytes of local 
memory. Hl 


has minimal control over how the application is executed among the 
processors. Ihe shared memory scheme also limits the scalability of such 
a system. And while the system's throughput may be greater compared to a 
Single processor system, the overall power consumption may not be 
correspondingly reduced. 

AMP, on the other hand, is a bigger step from the single core architec- 
ture as it requires a more analytic approach. It provides more control over 
how the application is executed and, unlike SMP, can apply to any multipro- 
cessing system. In AMP, application code can run on different processors, 
not all of which are necessarily the same kind, allowing the developer to 
choose the most appropriate CPU for a given portion of the total application. 
This ability to run the application over a fabric of processors selected for 
their efficiency in doing a particular part of the total job, means that power 
consumption is under the designer's control, as well as the overall system 
throughput and timely responses to mission critical events. 


Quadros Systems 
Houston, TX. 

(832) 351-2830. 
[www.quadros.com]. 
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Multi-Core Processors 


Cell Technology Enables 





New Defense Applications 


Designed for next-gen digital media apps, the Cell processor has hooked interest among 
image processing designers for automatic target recognition and related apps. 


Craig Lund, Vice President, Chief Technology Officer 


Mercury Computer Systems 


Figure ] 
The Cell 


Broadband Engine (BE) 
Drocessor is a heterogeneous chip 
multiprocessor consisting of a 64- 
bit Power core, augmented with eight 
specialized co-processors, based on 
a novel single-instruction multiple- 
data (SIMD) architecture called SPU 


(synergistic processor unit), for 
data-intensive processing as found 
in cryptography, media and scientific 
applications. The system is integrated 
by a coherent on-chip bus. 
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cifically for consumer demands to find 
itself serving the needs of military ap- 
plications. But the Cell Broadband En- 
gine (BE) processor architecture bucks 
that trend. The device is the result of a 
collaboration among three giant com- 
panies—Sony Group, IBM and Toshiba. 
Traditional processors could not deliver 
the computational power required for 
the interactive needs of the next-genera- 
tion digital media devices such as game 
consoles and interactive televisions. The 
planners agreed the Cell BE processor was 
to initially achieve 100 times the perfor- 
mance at its first stage of development. 
The Cell development program set 
out to attain some formidable objec- 
tives, beyond just leading-edge perfor- 
mance for gaming and multimedia ap- 
plications. It also called for interactive 
real-time response rates for both the user 
and the network. But at the same time its 
goal centered on flexibility—for use in a 
broad range of applications and on mul- 
tiple platforms. The Cell BE processor is 
an enabling technology that addresses 
many of the defense industry’s demand- 
ing requirements for image processing 
and other signal processing algorithms. 
Although the original Cell project 
was driven by the entertainment indus- 
try’s needs, the companies recognized 


t’s rare for technology targeted so spe- 


that the characteristics of the design were 
applicable in a much wider range of ap- 
plications. Consequently, along with the 
first-generation processor, the companies 
developed an open, Linux-based software 
development environment to encourage a 
broad adoption of the architecture. 

In 2004, IBM and Mercury Computer 
Systems engaged in discussions regarding 
an alliance aimed at co-developing products 
based on the Cell BE processor. The part- 
nership, announced in June 2005, offered 
Mercury the opportunity to be the first 
company outside the consumer electronics 
industry to integrate Cell technology into 
a wide variety of future products for the 
many industries that Mercury serves. As 
a result, Mercury is developing Cell-based 
products for challenging applications such 
as radar, sonar and many others. 


Multicomputer-on-a-Chip 

The Cell architecture is essentially a 
multicomputer-on-a-chip (Figure 1). This 
architecture of heterogeneous, high-per- 
formance processing elements on a com- 
mon interconnect has a structure that is 
designed for distributed processing. The 
power of the Cell BE processor results from 
its performance-leading architectural de- 
sign featuring eight synergistic processing 
elements (SPEs) plus a Power Architec- 
ture-compliant core, all on a single chip. 
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I/O Interface 


Coherent 
Interface 


The Cell Broadband Engine (BE) processor architecture is essentially a multicomputer on a chip. This architecture of heterogeneous 
high-performance processing elements on a common interconnect has a structure that is designed for distributed computing. 





The Cell architecture extends the 
64-bit processor with cooperative offload 
processors, direct memory access (DMA), 
synchronized communication (memory 
flow control) and real-time management 
(Figure 2). There are a total of nine pro- 
cessors ona single die: one dual-threaded, 
dual-issue 64-bit Power processor element 
(PPE) with a 64-bit arithmetic control 
unit (ALU), and eight SPE vector proces- 
sors, with an on-chip memory controller 
and a controller for a configurable I/O 
interface. 

The Cell BE processor has well-bal- 
anced I/O both internally and externally. 
The nine processing elements are con- 
nected internally via an element inter- 
connect bus (EIB) capable of moving 96 
bytes/cycle. Also connected to the EIB is 
an external XDR DRAM memory con- 
troller capable of peak rates exceeding 25 
Gbytes/s to main memory. The final I/O 
interface for the processor is a Flex I/O 
interface. This interface has both a coher- 
ent interface for connecting two Cell BE 
processors together and a non-coherent 
I/O interface, which combine to provide 
60 Gbytes/s of bandwidth. 
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Figure 3 


The recently announced Dual Cell-Based Blade is Mercury Computer Systems’ first 
product based on the IBM Cell Broadband Engine (BE) processor. The Dual Cell-Based 
Blade, based on IBM's industry-leading BladeCenter design, will offer unprecedented 
peak performance of 400 Gflops and feature two IBM Cell BE processors, as well as XDR 
memory from Rambus. 


The most impressive performance 
is achieved with 32-bit floating-point 
math operations with peak performance 
of 256 Gflops from just the eight SPEs 
alone. Because the SPEs are full 128-bit 
SIMD units, data sizes including 64-bit 
double-precision floating-point, with 
8-, 16- and 32-bit integer are also pos- 
sible. When mapping real applications 
onto the Cell BE processor, Mercury 
has seen performance improvements 
of up to 100x over currently available 
high-volume processors and estimated 
performance-per-watt improvements 
ranging from 3 to 10 times that of 
other available solutions. Stay tuned for 
benchmark results. 

The multicore design of the Cell BE 
processor is similar to Mercury’s multicom- 
puter architecture and matches well to its 
algorithm optimization techniques. Mer- 
cury uses its RapidIO and RACE++ switch 
fabrics in conjunction with many other ele- 
ments and methodologies to accelerate and 
optimize performance in multicomputers. 
Mercury's long-term investment in soft- 
ware productivity tools for multicomputer 
systems can also be applied to enable users 
to realize the power of multicore processors 
such as the Cell BE processor. 
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Enhancing Current Defense 
Applications 

Well-suited for image processing and 
other signal processing algorithms, the 
Cell BE processor is particularly good for 
handling many floating-point calcula- 
tions such as physics computations, video 
rendering, large arrays and compute-in- 
tensive algorithms. The Cell BE processor 
improves certain algorithms previously 
limited by performance constraints. Some 
problems that require many processing el- 
ements may now fit on a single Cell chip. 

With its high performance per watt, 
the Cell BE processor can address the 
portable, weight-sensitive and airborne 
applications (portable ultrasound, un- 
manned surveillance, military identifi- 
cation and targeting). Automatic target 
recognition (ATR), time-sensitive tar- 
geting, network-centric warfare, and 
real-time continual surveillance and 
reconnaissance (ISR) are all enhanced 
with the faster image processing the Cell 
BE processor delivers. 

The ATR algorithm, used for clas- 
sifying radar images (tank or track ve- 
hicle), includes as many as 140 different 
threat models running on a system with 
64 processors. Other defense algorithms 


use up to 480 processors. The Cell BE pro- 
cessor can dramatically reduce the size of 
these systems by providing greater den- 
sity. For network-centric warfare (NCW), 
the Cell BE processor offers accelerated 
delivery of time-critical information to 
the warfighter to enable accurate and 
timely decisions. 

Algorithm expertise combined with 
system design experience is required to 
evaluate how appropriate the Cell BE pro- 
cessor is for an application. On a processor- 
by-processor basis, the Cell BE processor 
may run as much as ten times faster than 
existing processors, which can result in ap- 
plication deployment on smaller or larger 
systems with increased performance. 


New Defense Applications Enabled 

Cell BE processors have the poten- 
tial to address high-resolution image and 
video transmission in security, surveil- 
lance and homeland security applications. 
The delivery of real-time information 
holds the promise of providing improved, 
split-second decision making. By pro- 
cessing the next-generation multimedia, 
media data and graphics with greater ef- 
ficiency, the Cell BE processor could find 
applications in power- and weight-sensi- 
tive environments (defense and homeland 
security), high-performance applications 
(2D and real-time 3D), visualization and 
simulation, and new compute-intensive 
algorithms. Figure 3 shows the first blade 
product sporting the Cell BE processor. 

The Cell architecture offers the em- 
bedded systems designer high control- 
lability of its processor pipeline, memory 
I/O data bandwidth and cache hierarchy. 
The Cell BE processor runs on Linux. 
Mercury adds standards-based libraries 
data movement middleware, packaging, 
multiprocessor systems design, optimi- 
zation, testing, and reliability analysis to 
transform the Cell BE processor into a 
high-performance processing engine for 
algorithm development and deployment 
in harsh environments. Hl 
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Multi-Core Processors 


Multi-CPU System-on-Chip 


Advances Solve Obsolescence Woes 


IC advances now make multi-CPU system chips practical. Applying such technologies empower 
military system designers to make an end run around numerous component and subsystem 


obsolescence concerns. 


Steve Manuel, Director of Marketing 
Gail A. Walters, Executive V.P., Strategic Development 
CPU Technology 


technology, the DoD has achieved 

tremendous increase in price perfor- 
mance, reduced development costs and 
has benefited greatly from broad avail- 
ability and better time-to-market. These 
gains, however, have not been realized 
without certain exposure to challenges 
that are currently unfolding. As programs 
developed with commercial technology 
have reached maturity or require life 
extending modernizations, feature en- 
hancements or capacity upgrades, those 
tasked with logistics and maintenance as- 
sociated with embedded computer-based 
platforms are faced with the challenge of 
mitigating a downside impact to the war 
fighting machine. 

Billions of U.S. Dollars are allo- 
cated each year from the Department 


T sino its exploitation of COTS 
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Average Time to Develop High-End System Greater Than Parts Availability Life 


Number of Components Canceled by 
Large Semiconductor Companies 


17,000 Over the Last 5 Years 





Number of Fielded Microprocessor Types > 100 types 
Average Birth/Death Rate of a Microprocessor 4 per year 
Ground Vehicle System 40,000 Lines Going to 200,000 
Avionics System 250,000 lines going to 1,000,000 
Average Cost to Re-engineer & Validate S/W $1,000 per line of Cote 


Table Il 


Listed here are some of the key technology metrics in long-term program development. 
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of Defense budget and are dedicated 
to the upgrade and maintenance of 
aging and obsolete systems. The ongo- 
ing reliance on these critical systems 
is creating an unmanageable problem 
in some cases. Program complexity 
continues to swell at alarming rates 
along with ever increasing develop- 
ment lead-times. Table 1 lists some of 
the key technology trends in long-term 
program development. The DoD has 
adopted a spiral development strategy 
so that technologies designed for long- 
term programs can be spun out for use 
by current deployed forces. 


Obsolescence: 
Eliminate, Don’t Mitigate 

DMSMS (Diminishing Manufac- 
turing Sources and Material Suppliers) 
or obsolescence is a major burden to 
maintaining the growing list of aging 
mission-critical electronics systems. 
In most cases, measures taken to ad- 
dress DMSMS issues surrounding in- 
dividual components—such as alter- 
native sourcing, last-time buy options, 
reverse engineering and subsequent 
component duplication—may satisfy 
the challenge of ensuring uptime avail- 
ability for many long-life electronics 
systems. Those tasked with reacting 
to these problems continue to invest 
in developing more efficient systems 
for identifying potential obsolescence 
and sourcing problems. However, in a 
growing number of instances, particu- 
larly DMSMS issues associated with 
highly complex electronics systems, a 
reactive approach continues to be the 
norm and, if unchecked, will further 
the burden on the increasingly taxed 
Defense budget. 

An alternative, proactive approach 
to resolving obsolescence in com- 
plex electronics systems should now 
be considered: modernization of long 
life-cycle systems through advanced 
System-on-Chip (SoC) technology. 
System-on-Chip solutions are designed 
as programmable platforms, integrat- 
ing most of the end product or system 
functionality into a single densely con- 
figured package. These highly inte- 
grated solutions eliminate a myriad of 
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Figure ] 


In the above example, CPU Tech’s System-on-Chip technology replaces the array of 29 
legacy circuit card assemblies (CCAs) with a single, integrated silicon device. 





The ability to produce SoC solutions is a result 
of new manufacturing techniques that are 
capable of producing ever-smaller transistors and 


putting more of them on a single chip. 


Figure ec 


Integration and modernization of the F-16 Block 30/40 Programmable radar signal 
processor using advanced SoC technology is projected to yield an 1848% increase in 
system reliability, offers increased performance capacity, improves operational readiness, 
and offers operational costs savings to the U.S. government of over $100 million over the 
life of the program. 
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costly discrete components, backplane 
interconnects and glue logic. 
System-on-Chip devices incorpo- 
rate at least one processing element 
(microprocessor, DSP and so forth) 
and, in most cases, multiple processors 
that run the embedded software. The 


single-chip design typically employs a 
bus-based architecture interfacing to 
the outside world and includes system 
peripherals, random logic, memory 
and analog functions. This System 
Level approach to modernization pro- 
vides pathways to eliminating rather 
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> API: Windows, Red Hat Linux and 
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> 1 Mbyte RAM per channel 


> I/O triggering and error injection/de- 
tection 
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Rugged COTS Chassis 


> Meet MIL-STD- 461D, 167, 901D, 
and 810F specifications 





> Modular platforms offer various 
heights and configurations 


> VME, VME64x, CompactPCI and 
VXS architectures available 


> Ultra-rugged, low weight, and ATR 
chassis 


> Optimized using thermal simulation 
studies 


> Tested for shock, vibration and struc- 
tural integrity 


E-mail: sales@elma.com 
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> Quad digital upconverter/downcon- 
verter 


> 40 MHz bandwidth RF or IF input 
signals 


> Four 105 MHz 14-bit A/Ds 

> Four 500 MHz 16-bit D/As 

> Xilinx Virtex-II Pro FPGAs 

> 1 GB DDR SDRAM 

> Multiboard Synchronization 

> Pentek GateFlow FPGA Resources 


E-mail: info@pentek.com 
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than merely mitigating a majority of 
DMSMS and obsolescence issues pre- 
sented today. 

Modernization through SoC tech- 
nology opens the door to lower system 
costs, reduced power consumption, and 
smaller form-factors while providing 
additional capacity for adding features 
and future capability. Through new 
and innovative approaches to SoC de- 
sign, legacy application compatibility 
and software development investment 
can be preserved. By virtue of eliminat- 
ing potentially thousands of individual 
discrete components with a single, stan- 
dards-based, foundry-independent, SoC 
device, overall maintenance and man- 
agement costs can be dramatically re- 
duced. Availability of supply is improved 
by the creation of SoCs, which can be 
manufactured at multiple sources. Addi- 
tionally, the IP contained within the SoC 
is centralized and can be better managed 
by the user. 

The ability to produce SoC solu- 
tions is a result of new manufacturing 
techniques that are capable of produc- 
ing ever-smaller transistors and putting 
more of them on a single chip. The de- 
velopment of new tools associated with 
SoC development by companies such as 
CPU Technology, for example, makes it 
possible to automate the design and veri- 
fication of such complex devices while 
maintaining full binary software com- 
patibility with the existing legacy appli- 
cation. 


Leveraging Commercial SoC 
Advances 

It has now become possible to cre- 
ate complex electronic systems that are 
very small and portable, use very little 
power and are very reliable. Miniature 
cell phones and digital cameras are 
good examples of SoC technology in 
today’s commercial markets. Advances 
in SoCs are occurring rapidly as more 
and more investment is applied by tech- 
nology leaders who integrate a variety 
of intellectual property in the form of 
standard processor cores, system buses, 
interface logic, memories and peripher- 
als. This activity is creating a myriad of 
options for those interested in eliminat- 


ing obsolescence through SoC integra- 
tion (Figure 1). 

Real-world examples of the benefits 
of SoC technology pertaining to obso- 
lescence are identified in a study offered 
by AT&T Government Solutions to the 
Office of Technology Transition in Ar- 
lington, Virginia. The study notes that 
CPU Tech’s modernization of the F-16 
(Figure 2) Block 30/40 Programmable 
radar signal processor using advanced 
SoC technology is projected to yield an 
1848% increase in system reliability, 
offers increased performance capacity, 
improves operational readiness, and 
offers operational costs savings to the 
U.S. government of over $100 million 
over the life of the program. At the time 
of this article, the AN/APG-68 RADAR 
(Figure 3) SoC-based processor up- 
grade is in formal flight test by the U.S. 
Air Force with a target of production 
readiness in 2006. 

By addressing obsolescence at the 
system level, System-on-Chip-based 
modernization and upgrade of com- 
plex long-life legacy electronics systems 
should be considered as a proactive, vi- 
able alternative to DMSMS and obsoles- 
cence management. This approach can 
offer more control of integrated tech- 
nology to the customer. Drastic reduc- 
tion in component count can yield lower 
cost of ownership over the extended life 
of a program. In the foreseeable future, 
modernization through System-on- 


Figure 3 


The SoC device developed for the 
AN/APG-68 Radar Processor upgrade 
eliminates tens of thousand of 
discrete components while providing 
additional operational performance and 
better reliability and reducing power 
consumption and overall cost. 





Chip integration will play a significant 
role in the elimination of costly and bur- 
densome management of electronics ob- 
solescence. Hl 
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* Delivery from stock 
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Conduction-Cooled cPCI Boards 





CompactPCl Passes Muster in 
Military Programs 


As military systems houses turn to board vendors for sophisticated electronics, they are demanding 
CompactPCI in ever-greater numbers. In response, more specialized board functions are appearing 
and more conduction-cooled 3U and 6U products are available for air-, ground- and sea-based combat 
systems, aS well aS Space systems. 


Ann R. Thryft, Senior Editor 


has begun embracing CompactPCI, 

especially the smaller 3U form-factor, 
even more than before. Several programs 
are driving this shift, including Future 
Combat Systems (FCS) and some Navy 
initiatives, as well as DARPA-funded 
space programs. 


n just the last year or two, the military 


Mission-critical applications like 
unmanned airborne vehicles (UAVs), 
booster vehicles and ground vehicles 
depend on conduction-cooled Compact 
PCI systems such as the AVC-cPCI 3003 
from SBS Technologies. The rugged, 
yet highly flexible computing platform 
is suited for integration into the tight 
spaces that typify rugged environments. 
EMI gasketing is utilized on front and 
rear panels to minimize radioactive 
electromagnetic interaction. 
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In the FCS program, the Army is 
transforming itself from its current heavy 
force structure to a lighter, more mobile 
and lethal network-centric force. In the 
past, squeezing 6U VME boards into the 
limited space available in military vehicles 
has been a major design challenge. Along 
with other embedded COTS technologies, 
CompactPCI is helping military design- 
ers to develop small, mobile, powerful 
electronic systems for lighter-weight and 
smaller-sized combat vehicles of various 
kinds, including ground- and air-based, 
manned and unmanned (Figure 1). 

Especially in new _ designs, 
CompactPCI is winning a place on the 
bill of materials. “As new transporta- 
tion platforms are developed, there’s a 
need to embed computing at an even 
higher level than before,” says Ken Grob, 
vice president of sales and marketing for 
ACT/Technico. “Previously, there wasn’t 
as much of a requirement to include data 
storage or embedded computers as part of 
the combat vehicle. Now, there’s a grow- 
ing need for the 3U form-factor for small, 
embedded computing devices.” In the 
past six months or so, there’s been a jump 
in demand for cPCI products in new ar- 
mored vehicles. 

In space applications, a new series of 
DARPA-funded initiatives are demand- 
ing radiation-hardened and radiation- 
tolerant systems, all the way from mis- 
sion computing to robotic arm control, 


to data storage and capture. Military 
designers in all of these programs are 
increasingly interested in conduction- 
cooled CompactPCI products, says Doug 
Patterson, vice president of worldwide 
sales and marketing for Aitech. Programs 
like Orbital Express, as well as the new 
NASA crew exploration vehicles (CEVs), 
are looking for space-qualified hardware, 
and work is being done to qualify com- 
mercially available technology to military 
and space requirements (Figure 2). 
There’s still a demand for general- 
purpose processor boards, but Aitech is 
seeing an increase in requests for Ether- 
net and Gigabit Ethernet switches, video 
compression and sensor fusion boards in 
CompactPCI. In particular, switched Eth- 
ernet, especially Gigabit Ethernet, is be- 
coming the network topology of choice over 
other switch fabrics, particularly because of 
its suitability for real-time applications. 
This stepped-up activity ~—in 
CompactPCI includes not just SBCs, but 
also other boards and sub-systems, such 
as switches, for mobile and fixed com- 
munications systems. In addition to its 
size advantages, 3U cPCI SBCs and cost- 
efficient specialized boards can also help 
keep FCS program costs under control 
and make a positive impact on schedules 
by replacing what used to take multiple, 
larger boards with only a few cards. 
Although no one expects the long- 
standing VME architecture to get ousted 
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by CompactPCI as the military’s plat- 
form of choice, the advantages of 3U are 
hard to beat. In some applications, such 
as distributed military communication 
systems, the demand for 3U conduction- 
cooled Ethernet products is growing. 
“Some people thought the marketplace 
would stay with the VME form-factor,” 
says ACT/Technico’s Grob. “But the mili- 
tary is looking at solutions that meet their 
needs, and the VME bus structure may 
have lagged in some of their required fea- 
tures.” In certain lower-cost applications, 
military designers are even looking at 1U 
and 2U box-level and blade-level servers 
for space-constrained systems. 

Another area emerging is rugged 
solid-state memory in the CompactPCI 
form-factor, often associated with an 
ATR or a conduction-cooled system. 
These can be a PMC add-on to the SBC 
or a solid-state disk packaged in either a 
direct-attached or network-attached stor- 
age device. Solid-state cPCI storage is 
also appearing as cards mounted on data 
acquisition and storage boards, or as en- 
tirely separate cards, for storing mission 
data and map data. 

Traditional aerospace applications 
have utilized VME in the past, but some 
have shifted to conduction-cooled 3U or 
6U CompactPCl, either for bandwidth or 
because of the need for Ethernet traffic, 
says GE Fanuc’s David Pepper, product 
manager of the Embedded Systems Group. 
Another reason to shift to cPCI may be 
the need for PICMG 2.16 compliance for 
packet switching. 

Even though CompactPCI often 
beats VME in part because of PCI’s greater 
bandwidth, the bus is not always driving 
the demand for cPCI in some military ap- 
plications. In fact, it may not be used at 
all. Military system architects are begin- 
ning to pick up on the PICMG 2.16 stan- 
dard and using network connectivity in 
the chassis between boards, rather than 
relying on the cPCI bus as much as they 
used to, says Grob. 

That’s because there’s only so much 
bandwidth available in a cPCI system, and 
the bus can be a single point of failure: if 
the SBC fails, so does everything down- 
stream from it. Because of this, some 
military system designers are considering 


a different approach: using a collection of 
SBCs in a box. In this architecture, each 
SBC might be an autonomous node, com- 
municating through the switch, so if one 
fails, only that card’s function is lost, not 
the function of the entire system. 
Conduction-cooled |= CompactPCI 
boards may cost a bit more than air- 
cooled boards, which are usually deployed 
in much larger strategic systems such as 


submarines or large aircraft. But they also 
make the envelope a good deal smaller, so 
the whole subsystem can fit into a large 
number of applications in harsh and se- 
vere environments. GE Fanuc’s Pepper 
has seen an increase in conduction-cooled 
versions of cPCI products in the last year 
or two, in particular, switches. “It doesn’t 
seem to be a niche anymore,” he says. 
“There may be a perception in the military 
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Conduction-cooled CompactPCl is 
finding its way into space applications, 
such as Altechs low Earth orbit 
Satellite, space-flight qualified, mission 
control subsystem and enclosure. The 
enclosure features dual-redundant power 
Supplies (right), one of Aitech’s S950 
3U CompactPCl SBCs (far left) and 
the company’s $930 analog I/O board. 
Mounted on the S950 is a PMC board 
that provides the spacecraft’s FireWire 
bus interface. 


Having the right tools is 90% of the job. | 


Emo Bustronic's brood range of test accessories | 
is designed to make o test engineer's life easier. 
For example, our VME64x Extender Boord provides | 
convenient out-of-chossis access so you can tes! | 
your board quicker, sofer and more productively, | 
With several creative features, it has specially | 
designed handles to hold the boord fo the extender | 
more securely, The some innovolive thinking goes 








that cPCI is now more commercially avail- 
able, and therefore has more traction.” 
The number of conduction-cooled 
CompactPCI versions of processors, I/O 
boards and switches has grown in both 3U 
and 6U form-factors, says Chris Eckert, 
chief technologist for SBS Technologies. 
As military systems get smaller, SBS is also 
seeing a rise in demand for PMC. Board 
vendors are being asked to provide an even 
greater level of integration, such as sophis- 
ticated I/O, for the electronics, while mili- 
tary system vendors focus their time on the 
end product and overall system design. 
Going forward, CompactPCI is likely 
to form the architectural base of much 
of the hardware in programs like FCS. 
Because of the technology available, the 
level of integration due to newer proces- 
sors and other devices, and newer en- 
trants such as conduction-cooled switch- 
ing products, the use of cPCI is rising 
rapidly. Compared to just a few years 
ago, when it was tough to put together a 
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performance with minimum downtime. 
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into all our other test tools -- from Load Boards to 
Adopter Cords to System/‘Volioge Monitors, and 

more. And like most of our accessory products, | 
they're available in VME, VME64x, VXI ond 


Ema Bustronic's wide selection of test otcessories 
helps ensure your product offers maximum 






complex Ethernet switch or SBC with the 
entire feature set that military programs 
required, it’s becoming possible to create 
a fairly full-featured 3U total system. Hl 
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e Up to 100,000 mating cycles. 
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contact designs. 
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Conduction-Cooled cPCl Boards Roundup 


PICMG 2.16 Switch Aims at 
Military Networks 


Some of the most sweeping changes going 
on in today’s military involve the move to 
network-centric warfare. Fortunately, there’s 
a wealth of COTS technologies to leverage 
from the networking and communications 
space. ACT/Technico, for example, has built 
its 6000-CC series of conduction-cooled 
CompactPCI Gigabit Ethernet switches on the 





latest generation of Gigabit switch technology. 
The boards come in 3U and 6U versions. The 
3U model has 9 Gigabit Ethernet ports. The 
6U versions have 8 to 10 Gigabit ports and are 
compatible with PICMG 2.16 and VITA 31.1. 

The switch core contains a high-speed, 
non-blocking four traffic class QoS switch 
fabric. Each port is compliant with 802.3. 

The switches perform all the physical layer 
functions for 1OOBASE-T and 1000BASE-T full 
or half-duplex Ethernet on CAT5 cable and 
10BASE-T full- or half-duplex Ethernet on 
CAT3, 4 and 5. The unmanaged versions are 
factory configured from an onboard EPROM 
to be lightly manageable. Auto-crossover, 
auto-polarity, auto-negotiation and automatic 
MAC address management make the 6000-CC 
series switches plug-and-play Layer 2 switches. 
Layer 2 bridging capabilities include 4K MAC 
addresses, auto learning and aging, and 802.1 Q 
support for 4K VLANs or port-based VLAN. 

The switch modules offer platform 
management when combined with an optional 
PowerPC processor. 

The fully managed version can be operated 
from a browser, PC Visual application, local 
console or, optionally, SNMP. Pricing starts at 
$6,000 in single quantities. 


ACT/Technico 

Ivyland, PA. 

(215) 957-9071. 
[www.acttechnico.com]. 
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Rugged SBC Self-Monitors Temp 


Most military applications require highly 
reliable operation under extreme conditions. 
Fitting into small spaces and low power 
consumption are also high on the demand list. 
Vendors such as Aitech Defense Systems continue 
to roll out new products aimed at those needs. 
Aitech’s C900 rugged, single-slot, 3U CompactPCI 
SBC delivers high performance while accurately 
self-monitoring temperature and controlling 
power dissipation via onboard sensors. 

Incorporating the low-power version of 
the advanced G4+ MPC7447A/7448 PowerPC 
microprocessor, the C900 operates at 1.167 GHz 
at the industry’s widest temperature range of - 
55° to +85°C. Integrated on-chip cache includes 
32 Kbytes L1 instruction and data and 1 Mbyte 
L2. The board consumes a minuscule 2 amps at 
3.3V. AltiVec support lets users take advantage 
of the processor’s real-time vector processing 
capabilities. Up to 1 Gbyte of fast DDR SDRAM 
with ECC protection, 64 Mbytes of user flash, 
32 Mbytes of boot flash, up to 1 Gbyte of NAND 





flash and 128 Kbytes of NVRAM for storing 

application-specific parameters are provided. 
The Marvell MV64460 Discovery II system 

controller integrates both a memory controller 

and a dual PCI/PCI-X bridge operating at 

up to 133 MHz. The C900 integrates two 

Gigabit Ethernet ports, two high-speed serial 

communications ports, two USB 2.0 ports 

and up to eight general-purpose discrete 

I/O channels, as either eight single-ended 

or four RS-422 differential channels. The 

board is PICMIG 2.0 Rev. 3.0-compliant and 

is equipped with a PMC slot. It is available 

in both air- and conduction-cooled versions. 

Pricing starts at $4,495. 


Aitech Defense Systems 
Chatsworth, CA. 

(888) 248-3248. 
[www.rugged.com]. 


Board Offers up to Four 1553 


Channels 

The MIL-STD-1553 protocol has been 
around for a very long time because of its 
starring role as a low-latency control interface 
solution in avionics and vetronics systems. 
Despite its age, board vendors continue to 
develop new, more integrated 1553 products. 





The QCP-1553 CompactPCI card from Condor 
Engineering, for example, provides high 
performance and high density for 1553A/B 
Notice II applications. The QCP-1553 card is 
available in commercial, ruggedized and 3U 
conduction-cooled versions with one, two or 
four dual-redundant channels, making it suited 
for deployment in ruggedized military systems. 
The QCP-1553 board offers 66/33 MHz PCI 
bus operation and 18 avionics-level discretes. 
Standard features include 1 Mbyte of RAM 
per channel, 45-bit message time-tagging, 
front I/O with transition cabling to standard 
1553 cable jacks, I/O triggers, extensive BC 
& RT link-list structures, software-selectable 
transformer/ direct coupling, error injection/ 
detection, automatic/manual RT Status Bit and 
Mode Code responses, along with advanced 
BC functionality. Optional features include 
an IRIG-B signal Receiver/Generator, rear (P2) 
I/O, variable output voltage and a range of 
environmental options. With the highest speed 
encoder/decoder in the industry, the QCP-1553 
Bus Monitor provides unparalleled error detection 
and 100% monitoring of fully loaded buses. 
Advanced API software is included for 
Windows XP, 2000, Me, NT, 98 and 95, Red Hat 
Linux and VxWorks. Support for LabVIEW and 
LabVIEW Real-Time is optional. Starting price 
for the conduction-cooled version is $5,490. 


Condor Engineering 
Santa Barbara, CA. 
(805) 965-8000. 
[www.condoreng.com]. 





3U Board Sports 800 MHz 
PowerPC 


The challenge of high-density computing is 
packing the greatest amount of functionality 
into the smallest possible standard form- 
factor, while also retaining the most flexibility. 
Designed for space-constrained applications, 
Curtiss-Wright’s SCP/DCP-122 is a 3U 





CompactPCI SBC based on the IBM 750FX 
PowerPC. It runs at a clock speed of 800 MHz 
executing 1856 Dhrystone MIPS. 

The SCP/DCP-122 offers a full-speed onboard 
PMC expansion site that lets developers integrate 
PMCs from the company or from third parties 
directly onto the board. A rich complement of I/ 
O includes Ethernet/Fast Ethernet, up to 3 serial 
channels (1 x RS-232, 2 x RS-422/485), up to 16- 
bit discrete digital I/O links and a USB port. The 
board supports 3.3V or 5V signaling and 33 or 
66 MHz operation. The design is compliant with 
PICMG 2.0, Rev 3.0. 

Memory on the card includes 128 Mbytes 
or 256 Mbytes of SDRAM with ECC at 100 
MHz, 64 Mbytes of flash with a flash-based 
Permanent Alternate Boot Site (PABS) and 32 
Kbytes of NVRAM. Board support packages 
are available for VxWorks Tornado 2.2.1. The 
board is available in both conduction- and 
convection-cooled versions and ruggedization 
levels from 0 to 200. Price for the DCP-122-100 
is $6,640. 


Curtiss-Wright Controls Embedded 
Computing 

Leesburg, VA. 

(703) 779-7800. 
[www.cwcembedded.com]. 


Conduction-Cooled cPCI Boards Roundup 


Pentium M/Celeron M Blade 
Targets Military Comms 


As communications networks take a more 
central place in modern warfare, system 
designers are looking for conduction- 
cooled networking and communications 
board products. Fortunately, there’s a good 
mix available. One example is Diversified 
Technology’s CPB-4610, an Intel Pentium M or 
Celeron M CompactPCI blade that is PICMG 
2.16-compliant. 

The CPB-4610 comes with a low-power 
Pentium M processor with speeds up to 1.8 
GHz and up to 2 Mbytes of L2 cache, an 855PM 
chipset with a 400 MHz front side bus, and 256 
Mbytes or 512 Mbytes of ECC DDR200/266 
MHz SDRAM memory. The board may also be 
configured with the Intel Celeron M processor 





with a speed of 1.3 GHz and 512 Kbytes cache. 
Onboard I/O includes 10/100 Mbytes/s Ethernet 
auto-negotiating controller, SCSI controller, 
MinilDE flash drive, two 32-bit/33 MHz PMC 
sites, PS/2 keyboard and mouse interfaces, USB 
and serial ports and a floppy interface. 

The board may only be used as a system 
master processor blade in a 2.16-compliant 
Packet Switched Backplane (PSB) environment. 
Support is included for Windows ME, Windows 
NT, Windows 2000, 

Windows XP, Red Hat Linux, Solaris, QNX 
and UnixWare. OEM pricing starts at $1,580 
for the conduction-cooled CPB-4610 with a 1.3 
GHz Celeron M. 


Diversified Technology 
Ridgeland, MS. 

(601) 856-4121. 
[www.dtims.com]. 


PowerPC Card Features Gbit 
Ethernet 


When it comes to networking, the 
military has its own unique needs. Two 
that rank especially high are certifiably 
secure communications and safety-critical 
reliability. To meet these needs, Extreme 
Engineering offers its XPedite6032 board, a 
3U conduction-cooled CompactPCI module 
hosting Freescale’s 7447A PowerPC processor, 
which is tolerant of extended shock up to 40g 
peak sawtooth for 11 ms and vibration of 0.1 
g2/Hz from 5 to 2,000 Hz. These elements 





combine to make XPedite6032 ideal for military 
[communications] systems that require high 
bandwidth and processing power and must 
function under extremely harsh conditions. 
Typical applications include baseboard 
controllers, LAN/WAN Networking and 
processing nodes. 

XPedite6032 utilizes the Freescale 7447A 
embedded PowerPC processor with AltiVec co- 
processing. The processor dissipates less than 
5.6W while operating at 533 MHz and provides 
2310 DMIPs when operating at 800 MHz. The 
XPedite6032 provides up to 512 Mbytes of 266 
MHz DDR SDRAM and up to 128 Mbytes of 
flash that has been soldered to the board for 
increased reliability. A full complement of I/O 
includes two RS232/422 serial ports, and PCI-X 
CompactPCI and PMC interfaces. The serial 
interface and two Gigabit Ethernet interfaces 
are accessible through the backplane’s J2 
connector. One conduction-cooled PCI-X PMC 
slot is provided for higher speed conduction- 
cooled PMC module support. 

Software BSPs from Extreme Engineering 
include IntegrityOS, Linux V2.6, LynxOS-178 
and VxWorks. Pricing starts at $6,046 for the 
512 Mbyte DDR/128 Mbyte flash configuration. 


Extreme Engineering Solutions 
Madison, WI. 

(608) 833-1155. 
[www.xes-inc.com]. 
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Board is Wire-Speed Managed 
Switch 


Not long ago, the technology required for 
a 7-port network switching system could fill a 
large room. Today, the same functionality and 
a lot more can be squeezed into a ruggedized, 
conduction-cooled 6U CompactPCI slot 
card. GE Fanuc’s CP949, for example, is a 
7-port conduction cooled Ethernet switch in 





a single-slot 6U cPCI form-factor that uses a 
high-performance switch fabric to deliver full 
wire-speed switch performance at Layer 2. It 
offers five 100-BaseFX ports via ST connectors 
to the front of the conduction-cooled assembly 
and two ports of 10/100BaseTx via the J5 cPCI 
connector. The CP949 is equipped with a rear 
I/O serial port for initial configuration and a 10 
Mbit Ethernet link as an out-of-band port. 

The CP949 includes a management processor 
capable of configuring the switch, monitoring 
port status and responding to SNMP requests. 
The management processor can be accessed 
over the serial port, which is connected to 
cPCI J5, or via telnet. Other management 
capabilities include management control VLAN 
group setup, trunking setup, priority setup, 
port statistics, port mirroring and SNMP. 
Management can be accomplished through any 
of the board’s Ethernet ports. 

The board supports IEEE 802.1D Spanning 
Tree Protocol for network loop detection and 
disabling, which is particularly useful in larger 
networks. For fault-tolerant connectivity, 
it supports per-port Secure Mode Traffic 
filtering. The CP949 is priced at $4,900 in 
single quantities. 


GE Fanuc Embedded Systems 
Huntsville, AL. 

(256) 880-0444. 
[www.gefanuc.com]. 


[ 70 ] COTS Journal October 2005 


FPGA-Based DSP Board Goes 
Rugged 


Military designers creating small, portable 
systems for C4ISR electronic warfare, signals 
intelligence (SIGINT), synthetic aperture 
radar (SAR) and electro-optic/infrared 
(EO/IR) applications need lots of digital signal 
processing power in a minimum-sized package. 
With that in mind, Mercury Computer Systems’ 
MCP3 FCN module is a rugged 3U CompactPCI 
digital signal processor. Specially designed 
for size-, weight- and power-constrained 
applications, the MCP3 FCN is a multicomputer 
system module that integrates a 1 GHz Freescale 
MPC7447A PowerPC processor, a Virtex-II Pro 
P40 FPGA and a PMC site. 

The MCP3 FCN’s flexibility extends to 
multiple I/O options. A direct connection to the 
FPGA, using the J2 pins of the cPCI connector, 
enables high-speed digital intermediate 
frequency (IF) I/O. In addition, industry- 
standard PMCs, such as the dual-channel 
digital receiver PMC configured with early test 
systems, can be attached directly to the board. 
A PCI bus connection is available via the J1 pins 
of the CompactPCI connector. 

For those parts of the application that will 
run on the FPGA, developers can use Mercury’s 
FPGA Developer’s Kit (FDK), which comprises 
a collection of Mercury-developed IP, build 
files, command line tools, libraries, headers, 





drivers, board descriptors, diagnostics and 
consulting support, all focused on helping 
engineers efficiently create reliable applications. 
The FDK is currently used for application 
development targeting the VantageRT FCN 

and MCJ6 FCN products. OEM pricing for the 
MCP3 FCN module starts at $20,000. 


Mercury Computer Systems 
Chelmsford, MA. 

(978) 256-1300. 
[www.mc.com]. 


3U Boards Court Space- 


Constrained Apps 

The 3U form-factor has become the 
CompactPCI flavor of choice for space- 
constrained applications. No other standard 
form-factor permits such high levels of compute 
and I/O densities. Radstone’s offerings in 
that space are its PowerPact family of 3U 
CompactPCI products. The first board in that 
family is the CP1A 6U rugged SBC. 

Based on Radstone’s field-proven 
PowerXtreme PPC7D VMEbus SBC, the CP1A 
features the latest Freescale 7448 PowerPC 





running at 1.4 GHz and the Marvell Discovery 
III Integrated System Controller. The CP1A’s 
I/O flexibility is enhanced by Radstone’s 
Additional Flexible Interface Extension (AFIX) 
daughter card, which offers new features 
via a plug-in module. Initial offerings in the 
AFIX form-factor include dual channel, dual 
redundant MIL-STD-1553 interfaces via the 
AFIX1553 and a SCSI graphics accelerator in the 
AFIXSG. The AFIX daughter card also allows 
the implementation of wholly new functionality 
for military systems requiring other features. 
The CP1A’s I/O includes up to six serial 
ports, up to five USB 2.0 ports, up to 33 bits 
of discrete digital I/O, a parallel port and two 
PICMG 2.16-compliant Gigabit Ethernet ports. 
Radstone’s Deployed Test strategy is fully 
implemented in the CP1A with a combination 
of Built-In Test (BIT) and Background 
Condition Screening (BCS) for non-destructive, 
continuous online testing. BSPs and ESPs 
are provided for VxWorks and VxWorks6. 
Convection- and conduction-cooled versions 
are available. The conduction-cooled version is 
priced at $6,500 in OEM quantities. 


Radstone Embedded Computing 
Towcester, UK. 


+44 (0) 1327 359444. 
[www.radstone.co.uk]. 
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Conduction-Cooled cPCI Boards Roundup 


Rugged 3U SBC Targets Harsh 


Environments 

Fitting a high-performance embedded 
computer into the limited space available 
in many military applications is now 
easier thanks to the small footprint of 3U 
CompactPCI SBCs. Even better is such an 
SBC that’s been ruggedized. Serving just 
such needs, SBS Technologies offers the CR4 
3U cPCI SBC, designed to operate in harsh, 
demanding environments. 





The CR4 is based on the Pentium M 1.4 MHz 
LV 738 processor, which includes on-chip 32 
Kbyte L1 instruction and data caches and 2 
Mbytes of L2 cache. The accompanying Intel 
855GME chipset includes the Intel 855GME 
Graphics Memory Controller Hub (GMCH) 
and the Intel 6300ESB I/O Controller Hub. The 
855GME GMCH includes an integrated 400 
MHz FSB interface and a memory controller 
with a 64-bit 266 MHz memory interface that 
serves 256 or 512 Mbytes of DDR SDRAM. 

The extended temperature conduction- 
cooled board, operating at -40° to +85°C, gives 
military system designers an abundance of I/O: 
two USB 2.0 ports, two 32-bit 33/66 MHz PCI 
bus interfaces, an RS-232 and an RS-422/485 
serial I/O port and ten general-purpose I/O 
lines to the backplane with separate interrupts 
and interrupt masking capability. A Type I 
CompactFlash card is mounted on a daughter 
card. High-speed LAN connectivity is provided 
via two Intel 82541PI Gigabit Ethernet 
controllers. The CR4’s PLX PCI 6254 PCI/PCI 
bridge handles 32-bit data transfers to and 
from the CompactPCI backplane. Through 
the bridge’s dual-mode capability, the CR4 can 
operate as a system controller or peripheral 
processor card. The OEM single quantity price 
for the conduction-cooled-CR4 is $5,100. 


SBS Technologies 
Albuquerque, NM. 
(505) 875-0600. 
[www.sbs.com]. 


Compact Board Is Tactical 
Computer 


Storage, networking and imaging 
applications in avionics and defense vehicles 


demand high-performance, compact, real-time 


systems. The compute engine that drives those 
systems must share these characteristics. The 
PowerEngineC7 3U CompactPCI SBC from 
Thales Computers was designed with those 
applications in mind. The PowerEngineC7 is 
the first member of the company’s family of 
rugged 3U CompactPCI embedded computers 
for military and aerospace applications. 

The PowerEngineC7 is based on IBM’s 800 
MHz PowerPC 750GX dual issue superscalar 
control processor. The 32 Kbyte L1 cache 
has a 32-byte line, an 8-way set associative 
instruction cache and a 32 Kbyte 32-byte line, 





8-way set associative data cache. The 1 Mbyte 


internal L2 cache has ECC clocked at processor 


frequency. Up to 512 Mbytes of DDR SDRAM 


with ECC supports code execution copied from 


flash memory and is soldered to the board for 
increased ruggedization. The board includes 
64 Mbytes of system flash, 128 Mbytes of user 
flash, a dual Ethernet 10/100 port and dual 
serial lines. The IEEE P1386/1386.1 PMC 
expansion slot has a 32-bit 33/66 MHz PCI bus 
interface. A predefined area of the memory is 
protected from the PCI and Ethernet accesses 
and allows the definition of a dedicated PPC 
communications area. 

The PowerEngine C7 is rugged conduction- 
cooled (-40° to +85°C). It supports VxWorks 
5.5.1 for Tornado 2.2.1. Pricing starts at $4,450 
in single quantities. 


Thales Computers 

Raleigh, NC. 

(919) 231-8000. 
[www.thalescomputers.com]. 
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gee 1U Rackmount LCD Display Ready for Rugged Roles 
— || The U.S. Military’s drive toward network-centric operations doesn’t only drive up demand for network and comms 
- electronics. Just as important are the end-points of the networks where military personnel read, process and act on 
all that shared data—in other words: displays. Along those lines, the CPR-27201 from Chassis Plans is an ultra high 
performance rack mount 1U 20.1-inch TFT LCD display with UXGA 1600 x 1200 resolution. The display offers 
250-nit brightness, 500:1 contrast, and an 89-degree viewing angle for exceptional viewability. An anti-glare hard 
coating minimizes reflections making images that much clearer. The aspect ratio is 4:3 with a Pixel Pitch of only 


VEL ri vo = p/ 0.255 mm. It will display 16.7 million colors (True Color). 
f = v With only 27 inches of depth, the CPR-27201 is perfect for rack or transit case installations. It can be used in industrial 





or military applications. Its lightweight but rugged aluminum construction makes it perfect for mobile installations. A 


ruggedized version with enhanced rack retention is offered for severe environments. A variety of keyboards can be installed 
offering trackball or Glidepoint mouse functions. The CPR-27201 provides multiple signal input options including aRGB, DVI-D, NTSC, Pal S-Video 
and Composite Video. The system is priced at $3,899 with quantity discounts available. 


Chassis Plans, San Diego, CA. (858) 571-4330. [www.chassisplans.com]. 


Flexible VXS SBC Supports 
RapidlO or PCI Express 


Seems like this is the year that 
products supporting the next-gen 
VME VITA-41 (VXS) spec have 
begun to emerge. For its part, 
Mercury Computer Systems claims 
to have the industry’s first VME host 
board to support dual PowerPC 7448 

processors and the RapidIO fabric 
(VITA 41.2), or a PCI Express interconnect (VITA 41.4) on the VXS 
multi-gigabit PO backplane fabric connector. Called the Momentum Series 
VPA-200, the board will support dual Freescale PowerPC 7448 processors 
at 1.267 GHz, delivering 10 Gflops each for floating-point operations. 
The high-speed backplane interface is based upon the Xilinx Virtex 
family FPGA, which can be configured with different IP cores to support 
either RapidIO for distributed computing applications that require 
true fabric functionality, or PCI Express for bridged I/O and processing 
clusters. VME 2eSST support running faster than 300 Mbytes/s will 
be provided by the Tundra TSi148 VME bridge chip. Off-the-shelf PCI 
mezzanine cards may be configured on two PMC sites. Each PowerPC 
7448 processor will support up to 1 Gigabyte of DDR SDRAM running at 
400 MHz. The Momentum Series VPA-200 is expected to be available in 
the Q4 this year for $7,000 in OEM quantities. 


Mercury Computer Systems, Chelmsford, MA. (978) 256-1300. 
[www.mc.com]. 


























PCI Card Blends Radar Signal Acquisition and Scan 
Conversion Duties 


The magic of semiconductor integration is empowering a new 
generation of board-level solutions that blend multiple functions into 
a single slot card. Exemplifying that trend, Curtiss-Wright Controls 
Embedded Computing has announced Advantage-Zeta, a new radar scan 
converter that combines radar signal acquisition and scan conversion on a 
single PCI card. The new PCI card uniquely offers radar display designers 
the highest performance while maintaining a minimal slot count. 

The card supports up to three analog videos inputs, with one video 
input selected for acquisition. Advantage-Zeta also supports up to eight 
digital radar inputs, which may 
be mixed with the selected 
analog video. A wide range of 
radar input options are also 
supported, including ACP/ARP, 
RADDS, serial and parallel 
azimuth options. Advantage- 
Zeta is designed for use in any standard 
PCI chassis with motherboard or passive backplane 
architecture. Since video acquisition and processing are handled 

entirely on the card, PCI traffic is greatly reduced and consists only 
of low data rate messages to move radar windows, change view geometry 
or adjust an operating parameter. Pricing for the Advantage-Zeta PCI card 
starts at $8,500 in single unit quantity. 







Curtiss-Wright Controls Embedded Computing, Leesburg, VA. 
(703) 779-7800. [www.cwcembedded.com]. 


Switching AC/DC Supply Boasts Digital Control and Configuration 
The military has always had a vexing supply and logistics problem when it comes to AC/DC power supplies. There’s a myriad of different 
configurations required to support all the required power supply needs. But what if a single power supply architecture could be tailored digitally 
to become a AC/DC switching power supply configuration on the map? A new generation of switching power supplies featuring 





= sophisticated digital management capabilities from Astec Power does precisely that. 

Along with digital control, the new iMP Series offers a range of hardware modules that will give designers 
the ability to tailor solutions precisely to their individual needs with single, dual and triple output modules in 
power ratings from 600W to 1500W. Modules can be configured in a selection of four customizable MP cases 
accepting input voltages from 85 VAC to 264 VAC or 120 VDC to 350 VDC. Cases can accommodate up to 

seven individual modules with a choice of outputs ranging from 2 VDC to 60 VDC. Because the modular design 


enables more than 200 million combinations, pricing will vary based on configuration. Samples will be available in the fourth 
quarter of 2005 with prices starting at $320 for a single-output 600W configuration. 


Astec Power, Carlsbad, CA. (760) 930-4600. [www.astecpower.com]. 
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aa : _ 9-Slot ATCA Platform Features Hybrid 
“im Cooling Scheme 


It’s not yet clear what level of acceptance the 
ATCA will enjoy in the military market. But there are 
definitely many that are attracted to the form-factor for 
its support for advanced power distribution and cooling 
techniques. Electronic Solutions has introduced their 
new 5-slot AdvancedTCA development platform—suited for ATCA 
system development or small system deployment needs. Designed for use in either a 19- or 23-inch 
width rack, this chassis can also be used on a lab bench for integration testing. Electronic Solutions’ 
patented Hybrid Serial Parallel Cooling Scheme provides effective cooling in this platform and will 
dissipate the 200W/slot power consumed by the AdvancedTCA plug-in modules. 
The dual IPMI-enabled power entry modules filter and protect the input power to the blades 

in a redundant architecture, allowing the shelf to remain operational even in the unlikely event 
of a PEM failure. Dual Shelf Management Carriers feature the Pigeon Point Systems ShMM-500 
Shelf Management Modules that provide the intelligence to the shelf. The backplane is a Dual Star 
base and 3x Mesh fabric, but options for other fabric configurations as well as customer-specified 
backplanes are possible. Pricing for the ZR4AATC5TM DPEM2F is $5,300 for single unit quantities. 





Electronic Solutions, Poway, CA. (858) 679-4550. [www.electronicsolutions.com]. 


IC Adapter Mates New SOIC Formats to Older Board Designs 


IC packaging solutions can serve as a tool to fend off component obsolescence—an ever-present 
and increasing problem among military system designers. Along such lines, Aries Electronics has 
introduced two new Correct-A-Chip adapters that permit the use of SOIC (small outline integrated 
circuit) D package 150 mil body chips to be used on boards designed for SOIC DW package 300 mil 
body chips and vice-versa. 

The new series 666000 adapters accept narrow-body 
SOIC D package devices while mounting on boards 
designed for wide-body SOIC DW package footprints. 
Series 665000 adapters accept wide-body SOIC DW 
package devices while mounting on boards designed 
for narrow-body SOIC D package footprints. Both 
designs are available in pin counts from 8 through 24 
pins, and are constructed of .062 inch (1.56 mm) FR-4 
boards manufactured to IPC-600E Class 2 standards. 

The FR-4 material is glass filled and UL94V-0 rated, 
with one ounce of copper traces. The male pins are brass with 200-micron tin 

over nickel plating. All Aries Correct-A-Chip adapters are manufactured and inspected using IPC- 

610B Class 2 guidelines and are available in custom materials, platings, sizes and configurations 

to suit specific customer applications. Pricing for a 24-pin adapter starts at $7.25 per unit in 

quantities of 100. 
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Aries Electronics, Frenchtown, NJ. (908) 996-6841. [www.arieselec.com]. 


VXS Card Does 2.2 Gsample/s A/D Conversion 


16x over existing technologies. 





starting at $31,000 for single unit quantities. 
QinetiQ, Farnborough, Hampshire, UK. +44 (0)8700 100 942. [www.qinetiq.com]. 
TEK Microsystems, Chelmsford, MA. (978) 244.9200. [www.tekmicro.com]. 





32 Mbyte Flash Module Has 
Flexible Read Features 


Flash memory densities have reached a 
point where complete, complex embedded 
programs can reside in solid-state 
memory without the reliability risks of 
a magnetic disk for storage. Feeding the 
harsh environment, mil-temp segment of 
such demands, White Electronic Designs 
Corporation has announced the availability 
of its 32 Mbyte Flash MCP. The device is 
available in commercial, industrial and 
military temperature ranges. 

The 32 Mbyte Flash is in a 13 x 22 mm, 
159 plastic ball grid array (PBGA) 286 
mm/?. Organized as 8 Mbit x 32, the Flash 
features access times of 70, 90, 100 and 120 
ns. The component has zero latency between 
read and write operations and data can 
continuously be read from one bank while 
executing erase or program functions in 
another bank. Flexible bank architecture 
allows 4 separate sectors to provide up to 
two simultaneous operations per device. 
The package offers reduced part count and 
enables I/O voltage options of 1.8V and 3.3V. 
Additionally, this device offers both top and 
bottom boot block architectures. The 8 Mbit 
x 32 Flash PBGA, defined as part number 
W78M32V-XBxX, is priced at $145 each in 
volumes of 1,000 pieces. 


White Electronic Designs, Phoenix, AZ. 
(602) 437-1520. [www.wedc.com]. 


For applications such as adaptive radar beamforming, synthetic aperture radar, SIGINT and electronic warfare, the drive 
for new levels of accuracy never ceases. Supporting that trend, TEK Microsystems and QinetiQ announced the Quixilica 
Neptune 2 VXS, the first VXS product to combine FPGA technology with a dual channel, 2.2 Gsamples/s architecture. 
Neptune 2 isa 6U VME/VXS payload card for high-speed streaming analog-to-digital applications, combining an ultra high 

sample rate with up to 10-bit resolution and multi-channel synchronization to single sample resolution, an improvement of 


Using high-speed A/D converters from Atmel, the board provides improved performance capabilities that are especially 
effective in noisy signal environments where jamming or high levels of interference may occur. Enhanced channel-to-channel 
synchronization between multiple Neptune 2 cards supports applications requiring up to 32 channels coherent to within one 
sample. Average power consumption of Neptune 2 less than 20% of the previous version of Neptune. VXS adds a high-speed PO 
connector to VME boards to support switched fabric interconnects. The Quixilica Neptune 2 VXS is available now with pricing 
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VME, cPCl, PCI and 
PCI-104 COTS Hardware 


Systems Software and 
Development Tools 





To find out more and register 
for the latest Virtex-4 product 
information visit - 

www.nallatech.com/capability 


A. NALLATECH 


The High Performance FPGA Solutions Company 


North America Toll free: |-877-44-NALLA 
EMEA & ROW Phone: +44 (0) 1236 789500 
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USB Data Acq Modules Up 
Channel Count 


Now no longer a new kid on the block 
in the PC realm, the USB serial bus 
has made the migration to embedded 
data acquisition applications. Data 
Translation announces the DT9813-10V 
and DT9814-10V high input channel, 
low-cost data acquisition modules as part 
of their popular ECONseries for USB 
2.0. Based on the popular DT9812-10V 

design, the DT9813-10V and DT9814-10V 

were developed for customers seeking higher analog input channel count 
modules at an extremely low cost per channel. 

All modules offer 12-bit resolution for A/D and D/A precision 
measurements and 50 Ksample/s throughput rate. A bipolar input range 
of +/-10V offers maximum flexibility at high input impedance. The 
DT9813-10V and DT9814-10V ship with the GO! Application provide 
mini-instruments for your PC. Signal connections are made directly to 
the modules built-in Phoenix screw terminals and plug into any PC’s USB 
port. For more advanced applications, the ECONseries modules also ship 
with extensive software tools including DTx-EZ for Visual Basic.NET & 
C#, DT-LV Link for LabVIEW, an evaluation copy of DT Measure Foundry 
software. The DT9813-10V with 6 analog inputs, 2 analog outputs,12 bits, 
50 Ksample/s and 8 digital I/O is priced at $349. The DT9814-10V with 24 
analog inputs, 2 analog outputs, 12 bits at 50 Ksamples/s is priced at $399. 


Data Translation, Marlboro, MA. (508) 481-3700. 
[www.datatranslation.com]. 


Memory Modules Blend SRAM and EEPROM 
SRAM and EEPROM make natural partners on a multi-chip module— 
SRAM providing the high performance while EEPROM handles the 
program storage. Offering a pair of space-qualified devices sporting 
EEPROM and SRAM, 3D Plus offers a high-performance, lightweight 
and high-reliability mixed memory solution. Two products with different 
capacities are available. The first product embeds 4 Mbit SRAM and 1 
Mbit EEPROM memories. The second embeds 12 Mbit SRAM and 6 Mbit 
EEPROM memories. They can be used with any processor requiring those 
types of memories. They are also organized with separate address buses 
and chip select allowing a wide range of use in 
several applications. 
Other features include maximum 
access times of 26 ns (SRAM) and 250 
ns (EEPROM) and built-in capacitors 
and multiple ground leads for low noise 
operation. The devices are organized 
as 8 bits SRAM and 8 bits EEPROM 
with separate address buses. EEPROM 
2 reliability specs are 10 years data 
ISS retention, 103 erase/write cycles. Two 
a separate voltages provide for the EEROM 
and SRAM and an individual chip select for 
each memory. Industrial and military temperature ranges are available. 
The parts are offered in QFP 72-lead packages with 0.5 mm pitch. 


3D Plus, BUC, France. +33.(0)1 30832658. [www.3d-plus.com]. 
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ws, laa SBC Targets Military Networking Systems 

‘a Designers of equipment used in network-centric warfare need 

connectivity and processing capabilities in a compact, 

~» rugged package. The F13 3U CompactPCI SBC from Men 
| Micro is suited as a platform for rugged systems that 
i 





require multiple, fast communication channels. 

The F13 can be configured with either of two 833 MHz 
Freescale PowerQUICC III processors, the MPC8540 or the 
MPC8560. It includes an Altera Cyclone FPGA, which can 

be used to implement multiple parameterized blocks of IP, 
reducing design and test time for application-specific I/O or 
other functionality. The PowerQUICC III processors typically consume as little as 7.4W. The F13 is 
available in a rugged version that operates over the extended temperature range of -40° to 85°C. 

The front panel includes two Gigabit Ethernet ports, one Fast Ethernet interface and a serial 
UART. Additional telecommunications interfaces such as ATM, E3/T3 and HDLC can be supported 
through the FPGA. The F13 supports an SO DIMM slot for up to 2 Gbytes of 133 MHz DDR 
RAM and up to 1 Gbyte of NAND flash. A real-time clock and several watchdog monitors are also 
included. BSPs based on Men Micro’s BIOS for PowerPC processors, MENMON, are available for 
Linux, VxWorks and QNX. Pricing starts at $1,314 for single units. 


Men Micro, Dallas, TX. (512) 267-8883. [www.menmicro.com]. 


Portable SPARC-Based Notebook for Video Intelligence Systems 

The military’s need for lighter, more mobile video-based intelligence systems continues to grow. 
To meet that need, L-3 Communications offers its Vigra Book, an integrated, portable SPARC-based 
video computing notebook that helps military OEMs and systems integrators quickly and cost- 
effectively add video and image processing capabilities. 

Each Vigra Book provides the portability and video processing 
capabilities for capturing, processing and displaying real-time video 
intelligence. OEMs and integrators can add their own applications to 
meet specific customer requirements, such as image exploitation, fire 
control, communications and mission planning. Vigra Book has been 
made available on the U.S. Army’s Common Hardware/Software III 
(CHS-3) purchasing vehicle by General Dynamics C4 Systems. 

Vigra Book is shipped standard with L3’s VigraWATCH video and 
image processing board integrated into the 64-bit Solaris/SPARC- 
based notebook. VigraWATCH provides onboard, real-time video 
and audio capture, simultaneous real-time MPEG-2 compression 
and decompression, real-time image processing and live video in 
a graphics display. Hardware options include hard drive, RAM, 
processors and media drives. Depending on configuration, pricing starts at $24,768. 





L-3 Communications, Titan Advanced Products & Design Division, San Diego, CA. (858) 527-6100. 


[www.L-3com.com]. 








Serial FPDP IP Core Speeds 
FPGA Integration 


Designers of military systems are using more 
and more IP in signal processing. Often, they 
need to integrate front-end processing logic 
with a fully compliant Serial FPDP IP core in 
a single Xilinx Virtex-II Pro FPGA. Now they 
can do this quickly and easily using Vmetro’s 
Serial FPDP IP core. When combined with the 
company’s Xilinx Virtex-II Pro FPGA cards 
and user-programmable FPGAs, the Serial 
FPDP IP core helps engineers develop highly 
integrated solutions for applications such as 
signal processing, high-speed data recorders 
and real-time imaging systems. 

The Serial FPDP IP core is fully compliant 
with ANSI 17.1-2003 and provides easy creation 
of point-to-point data links with a choice of 
1.0625 Gbit/s, 2.125 Gbit/s and 2.5 Gbit/s FPGA 
RocketIO connections when using suitable host 
FPGA cards. All serial FPDP operating modes 
are supported, including simple unidirectional 
links, bi-directional links with dataflow 
control, copy mode and copy-loop mode. 

The core is provided in EDIF format with 
obfuscated source for simulation. It can be 
implemented on Vmetro’s FPGA cards or 
on users’ own FPGA hardware. Subject to 
licensing conditions, the core can also be used 
on non-Vmetro-based FPGA products. Pricing 
starts at $6,000. 


Vmetro, Houston, TX. (281) 584-0728. 
[www.vmetro.com]. 


Integrated Debugging and Control Support for AMD’s Geode NX 

Developers of military real-time audio, video, graphics and communications systems based on AMD’s 
low-power, high-performance Geode NX architecture need integrated debugging and control solutions. 
Macraigor Systems has added debugging and control support for this processor family to all of the 

company’s solutions when the chip is used with Macraigor’s O0CDemon family of debugging products. 

In addition, Macraigor has updated its free, pre-built GNU tools suite to include sample configurations 
for AMD evaluation boards. These examples contain source, gdbinit and make files for each board. 
Using only two commands, the demo program lets developers build, download and debug via gdb. Debug 


application programs are available to support an embedded project through the entire development cycle, 
from troubleshooting a prototype hardware design to writing and debugging boot code, programming in-circuit flash devices, developing application- 


level software and supporting manufacturing test and burn-in. 


OCDemon Flash Programmer, Flash Access and Target Access are priced at $500 each for the first license, and incremental licenses are priced at 
$100 each. OCD Commander, an assembly-level software debugger, and OCD Remote, the GNU tools suite, may be downloaded at no charge from the 


Macraigor website. 


Macraigor Systems, Brookline Village, MA. (617) 739-8693. [www.macraigor.com]. 
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SENIOR ANALYST 


This position requires a Senior Analyst with strong system ana- 
lytical skills, excellent verbal and written communications skills. 


The Senior Analyst works closely with business clients, internal 
Project Management and Application Engineering to analyze 
requirements, formulate proposals, provide systems architecture 
and craft implementation strategies. The solution space is com- 
plex Field Programmable Gate Array (FPGA) core design, real 
time embedded firmware or host processor functions. An essential 
requirement of this position is the ability to clearly articulate, in 
writing, specifications. These specifications include strategic archi- 
tecture as well as detailed implementation requirements that can 
be turned over to the implementation organizations. The Senior 
Analyst must be able to craft architectures and strategies that are 
consistent with the constraints imposed by customer’s needs, the 
skill levels of the implementers, the time and budget allotted to the 
project and feasible technologies. The ability to get to the heart of 
complex technical issues and establish proper perspectives in an 
active leadership role is paramount as is the demonstrated ability to 
conscientiously and effectively work to tight schedules. 


As such, the Senior Analyst must have a practical flare and 
clearly understand the impacts of architecture and design upon 
cost and schedule. At the same time, the Senior Analysts must 
be creative and open to novel approaches to problem solving in a 
multi-discipline environment. 


A demonstrable history of experience in the fields of imaging, sig- 
nal processing, complex algorithm implementation or communica- 
tions with FPGA, ASIC, DSP or embedded processors is essential. 


SKILLS: 


mM At least ten years experience in complex 
systems Development 


m Strong system analytical skills 


m Experience or familiarity with FPGA or 
ASIC design 


m Experience or familiarity with embedded firmware 
or software design 


m Experience or familiarity Object Oriented Design 
and UML 


m Excellent verbal and written communications skills 


m Competency with Microsoft Office Suite, including 
Project and Visio 


m Proficiency in data modeling 


m Background in preparing white papers and 
proposals. 


m@ BS/MS/PhD in Engineering or Physical Science 
(mandatory). 


ANALYST 


This position requires an entry level engineer or science 
major with good analytical skills, and above average verbal and 
written communications skills. 


The Analyst works closely with business clients and Applica- 

tion Engineering to analyze requirements, formulate proposals, 
provide systems architecture and craft implementation strategies. 
The solutions developed for customers include complex Field 
Programmable Gate Array (FPGA) core design, real time embed- 
ded firmware or host processor functions. An essential requirement 
of this position is the ability to clearly approach problems and 
communicate design concepts. The ability to conscientiously and 
effectively work to tight schedules is required. 


The analyst works with a team of Application Developers to 
being client requirements to fruition in terms of a real product. 
These products span industries and technologies including image 
processing, communication, command and control, medical and 
aerospace applications. 


A demonstrable history of experience or academic course work 
in the fields of imaging, signal processing, complex algorithm 
implementation or communications with FPGA, ASIC, DSP or 
embedded processors is desirable. 


SKILLS: 
m Good analytical skills 


m Experience or course work with FPGA or ASIC 
design 


m Experience or course work with embedded firm- 
ware or software design 


m Experience or course work in Object Oriented 
Design 
and UML 


m Above average verbal and written communica- 
tions skills 


m Competency with Microsoft Office Suite, including 
Excel 
and Word 


gm BS/MS/PhD in Engineering or Physical Science 
(mandatory). 





Go to www.cdvinc.com or 
call 949-623-8000. 
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VME Card Provides 
32 Optically Isolated 





Inputs 
Optically isolated 
3 mew a 2s = —————— - . I/O is essential for any 


ua harsh environment high 
channel count application. 
Serving such needs, GE 
Fanuc Embedded Systems has rolled out the VMIVME, an optically 
isolated 32-channel input board with Change-of-State (COS) interrupt 
capabilities. The interrupt control logic can be programmed to issue an 
interrupt upon specific state changes. The user selects the state change 
to use by programming the Control and Status Register (CSR) for the 
desired activity. The board will store up to 512 state changes if the COS 
logic is enabled. That prevents the board from losing a state change during 
interrupt servicing. 

The board’s onput voltage range is field configurable on a channel-by- 
channel basis at 5V, 12V or 24-28V. A front panel LED status indicator is 
provided for each input. Sequence of event data may be correlated to an 
internal counter register. This counter may be clocked from an external 
pulse input through the front panel connection. Alternatively, this 
counter may be configured for quadrature input signal from two pulse 
inputs. The card is available with either a standard VME front panel or 
the IEEE 1101.10 front panel. 


GE Fanuc Embedded Systems, Huntsville, AL. (800) 322-3616. 
[www.gefanuc.com/embedded]. 


1U Front End Rectifier Delivers 
17W Per Cubic Inch 


As a concept, distributed power got a late 
start in the military realm. Because military 
system designers like to think in blocks, the idea 
of distributing power to the point of load took 
some getting used to. Serving distributed 
power needs, Cherokee International 
(NASDAQ: CHRK), a leading manufacturer 
of power supplies, announced its CAR1212 

front end intended for low-profile, 12V 
distributed power architecture applications, such as military networking 
gear and mid- to high-end servers. Packaged in a small, 1U-high footprint 
and measuring 1.61 x 4x 11.2 inches, the CAR1212 hits an ultra-high- 
power density of 17W per cubic inch. The CAR1212 delivers 104A, 
supporting 12V bus architectures, which power point-of-load (POL) 
converters for low- to mid-power datacom systems. The small for- factor 
is ideal for space-constrained applications where system real estate is at 
a premium. 

Protection features on the rectifier include input over and under 
voltage, output over voltage, over temperature and over current. In 
addition, an automatic fan speed control feature is ideal for optimizing 
noise levels of sensitive environments. This model is also available with 
full I2C communications, providing intelligent monitoring and control 
of critical parameters. The CAR1212 modules are priced at $235 in 
OEM quantities. 


Cherokee International, Tustin, CA 92780. (714) 544 6665. 
[www.cherokeepwr.com]. 
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PMC Mezzanine Card Is Gigabit Ethernet Adaptor 


Military networking applications require high data throughput 
and low latency. With that in mind, Concurrent Technologies 
has announced the CL PMC/GB3, a two-channel Gigabit 
Ethernet adaptor with 1OOOBASE-T and 10BASE- 
T/100BASE-TX capabilities. 

The CL PMC/GB3 PMC mezzanine card includes 
» an Intel 82546GB Gigabit Ethernet controller, which 
2 | lets the board automatically negotiate transfer rates 

t.< of 10, 100 or 1,000 Mbits/s in full or half duplex mode. 

The board provides individual MAC and frame controllers 
supporting 64-Kbyte TX/RX FIFO ports, along with IP, TCP and UDP 
checksum off-loading, and supports IEEE 802.3ab, IEEE 802.3 and IEEE 802.3u. 

The CL PMC/GB3 complies with the CMC specification and is PCI-compliant, featuring 32/64- 
bit transfers and 33/66 MHz operation, as well as bus master capability. Since the Intel 82546GB 
dual channel Gigabit Ethernet controller connects directly to the host board’s PCI bus, the adaptor 
does not require an onboard PCI bridge. The board features 3.3 or 5V signaling. Its +5V power 
usage is typically 5W with dual Gigabit operation. It can be used with Concurrent Technologies’ 
CompactPCI, VME, Multibus II or any other PMC-compliant host board. Operating system 
support includes Windows XP, Windows XP Embedded, Windows 2000, Windows NT, Linux, 
VxWorks and QNX. Pricing is $795. 







Concurrent Technologies, Ann Arbor, MI. (734) 971-6309. [www.gocct.com]. 


Schroff’ 


Customizable Cabinet Platform 


Schroff’s new 20,000 Series cabinet platform 
offers a limitless combination of highly 
customized solutions combined with 
extremely rapid time-to-market. 


e Customer-selectable x, y and z-axis dimensions 
for any application 


e Welded steel construction using interlocking 
components reduces lead-time 


e Unique rack angle design allows unlimited 
positional, front-to-rear adjustment of 
installed equipment 

e Available with EMC option, shock 
and vibration environmental 
specifications, and wide range of 
accessories including shelves, 
fan trays, and power strips 


For more details, 
call 800-451-8755 . 
or visit us on the web. » 
Pentair 


Electronic Packaging 


www.schroff.us/20kplat 
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Graphics PMC Modules Offer 3D 
Processing 


Military and avionics applications, such 
as cockpit avionics and terrain overlay 
systems, require a small footprint and high 
display performance. That’s especially true 
of graphics processing boards, which must 
pack a lot of performance in a small space. 
Addressing those requirements, the new line 
of G2 graphics PMCs from SBS are based on 
ATI Technologies’ Radeon M9 mobile graphics 
processor supporting 2D/3D acceleration, 
OpenGL and DirectX. 

Each model is equipped with 64 Mbytes 
of VRAM, integrated display output and 
reduced-power optimization. The G2 Basic 
PMC, designed for applications that need only a 
single display output channel, provides a range 

of display output 

options 






including 
DVI with up to 
1600 X 1200 pixel 
resolution, LVDS, RGB, 
NTSC, PAL and S-Video. 
The G2 Dual PMC adds to this another display 
channel for applications requiring dual displays. 
The G2 Plus PMC provides dual display outputs 
and up to two channels of video input capture, 
along with graphics overlay capabilities. 

Each module is available in extended 
temperature or rugged conduction-cooled 
versions. They are supported by optional 
OpenGL drivers from ALT Software for 
Linux, VxWorks, Integrity and Windows 
XP. ALT’s DO-178B Level A-certifiable 
OpenGL driver is also supported on all major 
hardware platforms. Pricing starts at $2,200 
in single quantities. 


SBS Technologies, Albuquerque, NM. 
(505) 875-0600. [www.sbs.com]. 
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Data Acquisition/Recording System Aims 
at Avionics 


The data acquisition and recording systems used in 
military operational and flight test applications must be 
flexible in several ways. This includes multiple data and media 
types, as well as operation in harsh environments. An avionics 
data acquisition and recording platform in a very compact 
package from Heim Data delivers those characteristics. 

The D7000 airborne data acquisition and recording 
system features adaptable signal interfacing, interchangeable 
media cartridges, up to 256 Mbits/s total system data rate and a rugged mechanical design. 

The D7000’s compact external dimensions and configurable connector interfaces allow direct 
replacement of legacy video and data recorders. The packet recording format ensures accurate data 
time tagging and consistent channel-to-channel phase relationships. The system is compatible 
with both Heim Data’s format and the IRIG106 Chapter 10 standard, including a IEEE-1394b- 
compliant data download interface on the media cartridge. 

Complete with an integral IRIG time code generator, the D7000 can also synchronize to external 
IRIG and GPS time sources. Options include an integral GPS receiver, and, on the media cartridge, 
an integrated clock. Depending on maximum data rate capability and interface configuration, 
pricing ranges between $35,000 and $60,000. 


Heim Data Systems, Belmar, NJ. (732) 556-2318. [www.heimdata.com]. 





Networking Middleware Targets Real-Time Apps 

Mission-critical, real-time networking applications such as air-traffic control systems can 
be tough to architect and program. To meet this need, Real-Time Innovations has released a 
commercially available implementation of the Real-Time Data Distribution Service (DDS) standard. 
The general-access NDDS 4.0 release is network middleware that provides an API. 

NDDS 4.0 uses a publish-subscribe model, rather 
than a client-server model, which takes care of channel 
configuration and data distribution for the application. It 
allows many distributed systems to efficiently share data 
in a network. NDDS 4.0 works on multiple architectures, 
operating systems, compilers and physical networking 
transports. Its architecture features pluggable transports 
that support any media and programmable parameters, as 
well as direct end-to-end messaging, dedicated buffers and 
preallocated memory. 

Pricing for the RTI NDDS 4.0 Developer Package starts at 
$46,920 for a three-user permanent license. Packages include NDDS middleware, NDDS tools and 
one year of support. NDDS is available on many operating systems, including Microsoft Windows, 
Sun Solaris, Linux, LynxWorks LynxOS, Wind River VxWorks and Green Hills INTEGRITY. 











Real-Time Innovations, Santa Clara, CA. (408) 200-4700. [www.rti.com]. 


New Enclosure Boasts Improved Cooling, Removable Fan 





EPIC SBC Offers Extended Temp 
Operation 


An extended temperature version of 
the VersaLogic Gecko EPIC format SBC is 
qualified for operation from -40° to +85°C. 
Targeting military and other applications, 
the Gecko SBC is designed for space- 
constrained environments with limited 
cooling available. 

The Gecko design is based on the newer 
AMD GX-500 processor, which offers 
500 MHz equivalent performance while 
drawing only about 1.5W. The low power 
consumption results in minimal heat 
dissipation, so no fan is required. The 
Gecko includes up to 512 Mbytes of DDR 
RAM, integrated video with analog and 
LVDS flat panel outputs, stereo line in/out, 
10/100 Ethernet, analog and digital I/O, 
four USB ports, four COM ports, LPT and 
IDE interfaces and a CompactFlash socket. 
The PC/104-Plus site accommodates both 
PC/104 and PC/104-Plus modules for 
system expansion. 

The Gecko Extended temperature SBC 
includes critical safety features such as TVS 
devices for ESD protection, self-resetting 
fuses for the user I/O and a watchdog timer 
for hardware-level application control. 
Pricing starts at $673 in OEM quantities. 


VersaLogic, Eugene, OR. (541) 485-8575. 
[www.versalogic.com]. 


A new line of Type 39c 4U EasyPlug CompactPCI enclosures from Elma Electronic features improved cooling performance, a removable fan and filter 


tray and optional PICMG 2.9 and IPMI shelf management modules. 


The Type 39c EasyPlug line features a 9U 8-slot CompactPCI backplane from Elma Bustronic that includes pluggable 47-pin connectors for hot- 
swapping power supplies. The backplanes are available in standard cPCI, H.110 or PICMG 2.16 options. The chassis are available in 1U to 4U heights 
in horizontal-mounting orientations and have advanced EMC shielding to meet CE, FCC Class A and 


in and N+1. 





NEBS requirements. PSU inputs include 90-264 VAC, 48 VDC, and PSU options include fix mount, plug 


The Type 39c enclosures feature pluggable connectors for shelf managers and HDD drives, allowing 
hot-swappability and reduced cabling. Compliant to the latest PICMG specifications and IEEE 1101.10/.11, 
the enclosures feature side-to-side 200 CFM (300 LFM) cooling, 300 mm depths and rear I/O options. 
Pricing for the Type 39 EasyPlug chassis starts at under $700, depending on options and configurations. 


Elma Electronic, Fremont, CA. (510) 656-3400. [www.elma.com]. 
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Enter a World of Embedded Computing Solutions 
Register now at www.rtecc.com 


Real-Time & Embedded 
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Through open-door technical sessions especially for those developing computer 
systems and time-critical applications. Get ahead with sessions on Embedded Linux, 
VME, PCI Express, ATCA, DSP, FPGA, Java, RTOS, SwitchFabric Interconnects, 
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IP Toolkits Target High- 
Performance DSP Apps 


Military engineers designing 
systems for use in signal intelligence, 
electronic warfare, radar and sonar 
often use model-based design to 
reduce design time and costs. They 
can first test and optimize their 
algorithms in MathWorks’ Simulink 
modeling environment before 
deploying them in an embedded system. To help this process, AccelChip 
has released the 2005.3 version of its AccelChip DSP Synthesis and 
AccelWare IP toolkits for model-based design of DSP applications, which 
complement MathWorks’ model-based design solutions by providing a 
direct path to FPGAs and ASICs. 

New to the AccelChip DSP Synthesis tool is the ability to pipeline insertion 
to increase design performance while lowering chip power. Enhancements 
to the tool’s automated floating-point to fixed-point conversion utility 
improve fixed-point simulation performance up to 100%. New and enhanced 
AccelWare DSP cores directly implement matrix operations. 

The 2005.3 release of AccelChip DSP Synthesis has been certified to 
support the most current production versions of Aldec’s Riviera, Altera’s 
Quartus II development software, Cadence’s NC-Verilog and NC-VHDL, 
Mentor Graphics’ ModelSim, LeonardoSpectrum and Precision RTL 
Synthesis, Synplicity’s Synplify Pro, Synopsys’ Design Compiler and 
Design Compiler FPGA, MathWorks’ MATLAB and Simulink, and Xilinx’ 
ISE and System Generator for DSP. Pricing is $30K for a one-year license. 


AccelChip, Milpitas, CA. (408) 943-0700. [www.accelchip.com]. 





20-Slot, 3U PXI Chassis Has Onboard Temp 
Management 


High-density, mission- 
critical, high-reliability 
applications require onboard 
thermal management and 
monitoring. To meet those 
needs, Geotest has released 

the 20-slot 3U PXI GX 7300 
chassis series. 

The GX7300 chassis’ slots support 
19 PXI/CompactPCI slots and one 3U PXI controller slot, either an 
embedded CPU or a PXI bus expander interface. Built-in peripherals for 
embedded controller configurations include hard drive and CD-ROM/ 
CD-RW. The series also includes configurations for supporting mass 
interconnect interface adapters. 

System power is provided by a dual power supply totalling 800W 
(1100W optional). 

Forced air cooling for the chassis is provided by a thermostatically 
controlled 235 CFM fan located at the rear. Combined with air plenums 
within the chassis, this provides airflow for all module slots per the PXI 
specification and requires no additional rack space for inlet or outlet air. 
The onboard microcontroller provides per-slot temperature monitoring 
and automatic system shutdown if an over-temperature condition occurs. 
Pricing starts at $4,495. 





Geotest, Irvine, CA. (949) 263-2222. [www.geotestinc.com]. 

















DVD-RW / CD-RW / CDROM 
in VMEbus Form Factor 
with Ultra Wide SCSI LVD interface, 


See the full line of VMEbus single ana 
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AVAILABLE IN 1U, 2U, 4U CONFIGURATIONS 


Makes EOL Irrelevant for the Next 5 Years 


TAG’s new armored Tactical Hybrid Server™ 
combines the best features from server platform and 
mobile technologies to create a_ high-performance, 
bee eine in a small pea chassis. The 
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Be a part of the magazine that brings you a world of technology solutions 


RTC magazine is the industry’s premier magazine covering a wide range of embedded, board level technolo- 
gies and peripheral components and subsystems. In addition, RTC magazine provides accurate, timely and 
thorough analysis of competing products and technologies so that you can make informed decisions. 


For information about subscribing or advertising visit our web site at 


www.rtcmagazine.com or call 949.226.2000 US 31.418.577700 Europe 
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PAM 


Before we list a sneak preview of our sections on deck for next month, let us tell you about something extra we re mailing with your 
November issue of COTS Journal. It’s our exclusive All-Industry Annual Event Calendar: a full-sized, wall hanging calendar listing 


more than 150 events—conferences, seminars and expositions—worldwide. Now, here's what we have cooking for November: 


|e 


® Sensors and MEMS. Sensors—in all their myriad varieties and configurations—play a key role in many kinds of military electronic systems—from data 
collection sensors for radar, sonar and SIGINT, or MEMS sensors used as navigational gyroscopes and as sensors for munitions guidance. This feature 
Section explores the current and future state of sensor and MEMS technologies as they apply to the military. 


© Safety-Critical Software Standards. The military and aerospace industry mandates rigorous technical and process requirements for safety-critical comput- 
ing. Standards such as DO-178B and ARINC-653 are now an entrenched part of the major embedded OS vendor's offerings. Articles in this section update 


readers on those standards and how they re being implemented. 


® PC! Express Analyzers. PC| Express has already become the most ubiquitous switched fabric to enter the game. VME and cPCI standards groups have 
already incorporated PCle into their next-gen specs. This Tech Focus section updates readers on PCI Express analyzer trends, and provides a product 
album of representative PCI Express analyzer products. 


® Mass Storage. Because flash-based solid-state disks (F-SSDs) targeted for military and aerospace apps use the same fundamental flash components as 
the consumer realm, the price advantages can be leveraged across all markets. Articles in this section examine the key technology trends affecting the use 


of F-SSDs in military applications. 
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Jeff Child, Editor-in-Chief 





month, Brigadier General Ellen Pawlikowski made an apt 

analogy when she compared the DoD’s vision for transform- 
ing military communications to the Manhattan Project. The 
General serves as the director of the Military Satellite Commu- 
nications Joint Program Office at the Space and Missile Systems 
Center. The end goal of the Manhattan Project was crystal clear, 
but at its outset a range of formidable technical problems—many 
never considered before—needed to be worked through to be 
able to achieve the goal of building the first atomic bomb. 


n her presentation at the MILCOM conference earlier this 


Editorial 






panels and papers. Don’t get me wrong. No one wants present- 
ers to stand up and do an outright sales pitch for their products, 
in the guise of a technical paper. But at this stage of the game 
there ought to be more concrete discussions on product areas, 
board form-factors and solution examples that will enable the 
next level of military comms. 

Subsystems and component vendors may need to move 
slightly up the food chain and offer more complete solutions 
for enabling the DoD’s Network-centric vision. While it wasn’t 
reflected in the conference portion of MILCOM, a number of 


Net-Centric Warfare’s Missing Middle 


In a similar way, today’s DoD has a pretty clear vision of its 
Network-centric future. It calls for real-time sharing of voice, 
video and data between soldiers, aircraft, satellites, ships, robots 
and UAVs, all over a global network. Such a network promises a 
complete “sensor-to-shooter” cycle that’s nearly instantaneous. 
The technology areas fueling those goals include software and 
programmable radios, ultra-wideband optical communications 
and networking in space. While many pieces of that puzzle are 
doable and even fielded today, there’s a long way to go to reach 
anything approaching that end goal. 

Attending MILCOM—considered the key conference for 
military communications—provided me with a good opportu- 
nity to take the pulse of how well things are progressing. Inter- 
estingly, the conference content at MILCOM reflects what I see 
as a problem in the focus. Elements of the conference—includ- 
ing tutorials, sessions and panels—seemed to all fall into one of 
two extremes. 

On the one hand some were very program-focused, getting 
into the broad view of what the UAV, communications, radio, 
satellite and networking related programs are comprised of and 
where they're headed. Those lacked any technical content that 
was applicable to design and development engineers. At the 
other extreme were very deeply technical and academic presen- 
tations—a treatise on short low-error floor LDPC coded modu- 
lation, for example. These tended to be relatively abstract with 
little link made to existing system architectures or commercially 
available components. 

Now, I cringe as much as the next guy when I go to a confer- 
ence where all the presentations are essentially product pitches. 
With that in mind, I should by all rights praise MILCOM for 
having none of that. Instead I find myself thinking that that’s 
exactly the element that was lacking among the mix of sessions, 
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exhibiting companies talked about doing just that. The Joint 
Tactical Radio Systems (JTRS) program, for example, has been 
on hold since the spring as each cluster is evaluated. Little infor- 
mation is available as to how that program may get revised—the 
evaluation is expected to be complete by mid-November. But 
that didn’t stop Xilinx, for example, who’s crafted a complete 
JTRS development kit that presents users with a working SCA- 
compatible JTRS radio system on which to base an end product. 

There are even signs that DARPA is leaning toward evading 
the slow time and cost overhead of dealing with the large primes 
and targeting low-cost commercial solutions. DARPA’s new 
Wireless Network after Next (WNaN) Program, just launched 
at the end of September, is aimed at technologies and system 
concepts that will enable intelligent adaptive wireless networks 
consisting of densely deployed low-cost wireless nodes. 

According to DARPA, the premise of the WNaN program is 
that significant advantages can be realized by densely deploying 
low-cost nodes that have been jointly optimized with network 
operations. By working around the limitations of the low-cost 
nodes that form the network, and by utilizing the rich intercon- 
nection fabric created by dense deployment, the WNaN network 
should provide reliable and highly available battlefield commu- 
nications at a low system cost. That’s in contrast to the previ- 
ous practice of building high-cost and hence sparsely deployed 
nodes, and then organizing the network around these nodes. 

My main point is that the road to achieving many elements 
of the DoD’s Net-centric vision need not be so mired in theory 
and concepts anymore. That time has passed. There’s a lot that 
can be done today using technologies already available. Unlike 
the Manhattan project of the WW II era, the military’s Net-cen- 
tric Operations plan has many elements—each of which serve as 
a small victory or stepping stone toward the end goal. Hl 


Military 
Power 


Choose from the largest 
selection of COTS power 
solutions available 

e DC-DC converters 


e User-configurable power supplies 
e Custom power solutions 


Vicor’s extensive COTS product line incorporates the technology and 
features of our commercial products into a cost-effective alternative for 
military, aerospace, and other high-reliability, harsh-environment <8 
applications. High-density DC-DC converter modules are fully <== 
encapsulated and have been qualified to stringent = : 
environmental requirements. Standard inputs of 28, 48, 

155, 270, and 375 Vdc are available. User-configurable 

DC-DC power supplies are based on interconnecting 

combinations of converter modules. Our Vicor 

Integration Architects (VIAs) have extensive 

experience with military COTS and aerospace ss g#®”—_. = 

applications and can provide module-based S.*7 

custom solutions quickly and cost-effectively. | 


Whether it’s a COTS power solution you need 
or a non-military solution, you'll find plenty 
of choices at Vicor including global technical 
support and a wide range of accessories. 


Call 800-927-9474 to talk with a Vicor Applications 
Engineer, or visit our website at: 
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SBS knows rugged COTS. Our little systems pack a big punch. 







THE SBS ROC SYSTEM adds a whole new dimension to rugged and include an integrated EMI filter and power supply 
computing. Several dimensions actually, considering that | with power sensing circuitry. We support many 
the base models measure 3.25” H, 4.5” D, 6.75" W, 


occupy less than 100 cubic inches, and weigh less 


embedded operating systems such as VxWorks®, 


INTEGRITY®, Microsoft® Windows® XP and Linux®. 


than 6 pounds. They feature PowerPC® or Intel® 


Pentium® processors, and a wide range of conduction 4 For years, SBS has been producing rugged systems 


cooled PMC I/O options. All of which makes them based on the 3U and 6U CompactPCl® form factors. Now, 


perfect for avionics, vehicle management or any other thanks to the capabilities of Processor PMCs, we are able to 


application where size and weight are critical. offer smaller, lighter systems with many of the features of their 


larger brothers. Because they are COTS-based systems, 


; ; Rugged Operational Computer ne 
Our systems are designed to operate in extreme Coimpset paitilnimcr ReweiPe they allow for a great deal of flexibility in I/O options. The 
computing platform 


temperature, shock and vibration environments ROC puts amazing power right in the palm of your hands. 
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Find the rugged COTS system you’re looking for at defense.sbs.com or call 800.SBS.EMDEDDED 





